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I. INTRODUCTION AND SUMMARY. 

Rockwell Collins strongly supports the Federal Communications Commission’s goal of 

“mak[ing] frequencies in the 76-81 GHz range available for new and innovative radar 

applications that can provide important benefits to the public at large.”1  As the Commission has 

recognized, these benefits include use of radar systems on aircraft wing-tips, which the 

Commission has proposed to authorize in order help prevent aircraft crashes on the ground.  The 

Commission should enable additional use of important life-saving radar applications in this 

proceeding by authorizing helicopter-mounted surveillance radar systems (also called “heliborne 

radar”) that can prevent crashes during take-off, landing, and hovering operations.  

The National Transportation Safety Board (“NTSB”) has identified reducing civil 

helicopter crashes as one of its 2014 “Most Wanted List” critical changes to reduce 

transportation accidents and save lives.2  In 2015, NTSB identified public helicopter safety as a 

most wanted transportation safety improvement.3  More than 500 people have lost their lives in 

helicopter crashes in the United States since 2004.  Many helicopter accidents occur because 

                                                 
1  Amendment of Parts 1, 2, 15, 90 and 95 of the Commission’s Rules to Permit Radar Services 

in the 76-81 GHz band, Amendment of Part 15 of the Commission’s Rules to Permit the 
Operation of Vehicular Radar Services in the 77-78 GHz band, Amendment of Sections 15.35 
and 15.253 of the Commission’s Rules Regarding Operation of Radar Systems in the 76-77 
GHz Band, Amendment of Section 15.253 of the Commission’s Rules to Permit Fixed Use of 
Radar in the 76-77 GHz Band, Amendment of the Commission’s Rules to Permit 
Radiolocation Operations in the 78-81 GHz Band, Notice of Proposed Rulemaking and 
Reconsideration Order, 2015 WL 503047, *2 ¶ 5 (rel. Feb. 5, 2015) (“NPRM”). 

2  National Transportation Safety Board, NTSB Most Wanted List 2014:  Address Unique 
Characteristics of Helicopter Operations, at 1 (2014), available at 
http://app.ntsb.gov/safety/mwl2014/01_MWL_HeliOps.pdf (“2014 Most Wanted List”). 

3  National Transportation Safety Board, NTSB 2015 Most Wanted Transportation Safety 
Improvements:  Enhance Public Helicopter Safety (2015), available at 
http://www.ntsb.gov/safety/mwl/Documents/MWL_2015_Factsheet_03.pdf. 
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helicopters strike a nearby obstacle, which pilots cannot always see.  In most helicopters, the 

pilot cannot see the main and tail rotors, which renders them difficult to protect during take-off 

and landing operations, especially in unfamiliar territory. 

The European Union has already begun the process to authorize heliborne radar in the 76-

79 GHz band.  European authorities chose this millimeter wave band in part in order to leverage 

existing vehicular radar technology, which could be adapted for use in affordable heliborne radar 

applications with shorter time-to-market than starting from scratch.4  A recent compatibility 

study by the European Conference of Postal and Telecommunications Administrations (“CEPT”) 

concludes that heliborne radar operations can coexist with other users of the band, including 

radio astronomy, vehicular radar, fixed radar, and amateur operations.  CEPT and the European 

Telecommunications Standards Institute (“ETSI”) are now both considering the regulatory 

measures needed to authorize heliborne radar use in the 76-79 GHz band throughout Europe. 

Given these efforts, the FCC now has a unique opportunity to create harmonized 

operating rules that can enable commercially viable heliborne radar use in the 76-77 GHz band.  

Similar rules on both sides of the Atlantic will be critical to ensuring an adequate market for this 

life-saving technology, since the United States has the most civil helicopters of any country in 

the world and roughly double the number of helicopters in all of Europe.  Manufacturers would 

experience significant benefits in economies of scale and scope if they could market and sell 

their helicopter radar products in the United States as well as in Europe.  This could ultimately 

reduce the price of the technology for consumers, providing further incentive to adopt the 

                                                 
4  European Telecommunications Standards Institute, Electromagnetic Compatibility and Radio 

Spectrum Matters (ERM); System Reference Document (SRdoc); Surveillance Radar 
Equipment for Helicopter Application Operating in the 76 GHz to 79 GHz Frequency Range, 
ETSI TR 103 137 V1.1.1, at 5 (Jan. 2014), available at http://www.etsi.org/deliver/ 
etsi_tr/103100_103199/103137/01.01.01_60/tr_103137v010101p.pdf. 
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technology and multiplying its anticipated safety benefits.  Rockwell Collins therefore urges the 

Commission to authorize heliborne radar use in the 76-77 GHz band under Part 95 of its rules in 

order to pave the way for widespread adoption of this new innovation in helicopter safety.  

II. HELICOPTER-MOUNTED RADAR CAN HELP PREVENT CRASHES AND SAVE LIVES. 

Rockwell Collins applauds the Commission’s proposal to authorize radar systems in the 

76-77 GHz band that will avoid accidents related to aircraft operations.5  As the Commission 

notes in the Notice of Proposed Rulemaking (“NPRM”), the use of wing-tip radar while large 

aircraft are on the ground can help “to prevent and or mitigate the severity of aircraft wing 

collisions while planes are moving between gates and runways,” which account for 

approximately 25 percent of all aircraft ground accidents.6  Rockwell Collins urges the 

Commission to enable additional use of life-saving radar technologies by authorizing the use of 

airborne helicopter-mounted radar to help prevent or mitigate helicopter collisions during take-

off, landing, and hovering. 

Helicopters serve a variety of operational needs, including emergency medical services, 

search and rescue, firefighting, law enforcement support, electronic news gathering, and offshore 

oil and gas support.  Indeed, NTSB has stressed that “[t]he U.S. civil helicopter industry 

continues to see overwhelming growth and demand” in these areas.7  Because pilots rely on 

helicopters in a variety of mission critical situations, helicopters often must operate in low 

visibility weather conditions, within confined areas, and use unfamiliar landing sites.  As a result, 

NTSB reports that “[s]ince 2004, more than 1,600 accidents occurred involving helicopters” 

                                                 
5  See NPRM ¶¶ 56-61 
6  Id. ¶¶ 56-57.  
7  2014 Most Wanted List at 1. 
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resulting in more than 500 deaths.8  In an attempt to reduce fatalities, the NTSB has issued over 

200 recommendations relating to helicopter safety in the last ten years.9  Although the number of 

annual crashes and fatalities has decreased in recent years, the United States still experienced 

161 civil helicopter crashes in FY 2013 resulting in 74 fatalities.10 

Many helicopter accidents occur as the result of a collision with an obstacle outside the 

pilot’s range of vision.  Like pilots of large aircraft that cannot see the aircraft’s wingtips, 

helicopter pilots often cannot see the main or tail rotors of the helicopter.  This leads to a large 

number of collisions in situations where the helicopter is the most likely to face obstacles—take-

off, landing, and hovering.  The United States Helicopter Safety Team reports that helicopter 

strikes were responsible for nearly 20 percent of helicopter crashes between 2009 and 2011.11 

Helicopter-mounted radar, like wing-tip radar, can help helicopter pilots form a better 

picture of the obstacles surrounding the aircraft.  With a better picture, the pilot can better gauge 

when the helicopter’s rotors approach dangerously close to obstacles.  For example, Figure One 

below shows an example of 360º radar coverage using four sensors on the body of the helicopter. 

 

 

 

                                                 
8  Id.  
9  Id. at 2. 
10  International Helicopter Safety Team, Rotorcraft Safety Initiative (RSI), at 1 (2014), 

available at http://www.ihst.org/portals/54/Rotorcraft%20Safety%20Initiative%20data% 
20summary.pdf. 

11  United States Helicopter Safety Team, Comparative Report, Volume 1:  U.S. JHIMDAT Data 
to U.S. JHSAT Data, 11 (March 2014), available at http://www.ihst.org/portals/54/2014 
%20Comparative%20Accident%20Report%20Vol%201.pdf. 
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Figure 112 

 

 

 

 

 

 

The European Helicopter Safety Team found in an October 2014 study that such 

obstacle-detection radar was one of the fifteen most promising technologies for preventing 

helicopter crashes.13  The U.S. military is also exploring the use of such radar systems on 

military rotorcraft.14  The FCC should take steps to enable this life-saving technology, building 

on its proposal to authorize anti-collision wing-tip radar on aircraft in the 77 GHz band. 

III. THE FCC SHOULD AUTHORIZE THE USE OF AIRBORNE HELICOPTER-MOUNTED 
RADAR TO PREVENT CRASHES. 

In order to help mitigate the risk to helicopter pilots of operating in unfamiliar or difficult 

terrain, the FCC should authorize the use of heliborne radar in the 76-77 GHz band.  These radar 

                                                 
12  European Conference of Postal and Telecommunications Administrations, Electronic 

Communications Committee, The Impact of Surveillance Radar Equipment Operating in the 
76-79 GHz Range for Helicopter Application on Radio Systems, ECC Report 222, at 11(Sept. 
2014), available at http://www.erodocdb.dk/Docs/doc98/official/Word/ECCREP222.DOCX 
(“CEPT Report”). 

13  J.M.G.F. Stevens & J. Vreeken, The Potential of Technologies to Mitigate Helicopter 
Accident Factors – An EHEST Study, NLR-TP-2014-311, at 33-34 (Oct. 2014), available at 
http://easa.europa.eu/essi/ehest/wp-content/uploads/2014/10/NLR-TP-2014-311.pdf. 

14  See Oren Dorell & Cassondra Strande, Probe of Helicopter Crash to Look at Preventive 
Tech, USA TODAY (Feb. 24, 2012), available at http://usatoday30.usatoday.com/news/ 
military/story/2012-02-23/marine-helicopter-collision-california/53223122/1. 
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operations detect obstacles near the helicopter and can help to prevent or mitigate certain 

helicopter crashes, particularly those that occur when a helicopter engages in take-off, landing, or 

hovering.  CEPT has begun the process to authorize 76-79 GHz heliborne radar operations in 

Europe.  A recent CEPT report concludes that heliborne radars can operate in the band while 

providing adequate protection for incumbent radio astronomy, vehicular radar, fixed radar, and 

amateur operations.15  The FCC should therefore take the opportunity in this proceeding to 

harmonize its regulations with the regulations that have been proposed in Europe, thereby 

enabling broad economies of scale and scope for heliborne radar manufacturers while furthering 

the reach of this important safety innovation. 

A. Helicopter-Mounted Radar Can Operate in the 76-77 GHz Band Without 
Causing Harmful Interference to Incumbents. 

1. Technical Characteristics of Proposed Heliborne Radar Systems and 
Proposed Licensing Approach. 

Rockwell Collins has already invested significant resources to develop heliborne radar 

technologies that would use spectrum in the 76-77 GHz band to assist helicopter pilots in 

detecting obstacles near the helicopter.  Rockwell Collins envisions that these systems would be 

used primarily—if not exclusively—in environments where a helicopter is most likely to 

encounter obstacles, particularly at low altitudes during take-off, landing, and hovering 

scenarios, as seen in Figure 2 below. 

                                                 
15  CEPT Report at 2-4. 
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Figure 216 

 

Rockwell Collins contemplates that radar detection systems would automatically switch 

off when the airspeed of the helicopter exceeds a pre-defined value, which indicates that the 

helicopter is no longer engaging in take-off, landing, or hovering activities and therefore less 

likely to encounter obstacles.  Although the systems could include a manual override that would 

allow a pilot to deactivate over-speed switch-off, Rockwell Collins does not anticipate that the 

override would be frequently used.  Rockwell Collins also envisions that radar detection systems 

would automatically switch off when the helicopter enters an exclusion zone designed to protect 

radio astronomy operations, as discussed in further detail below. 

Rockwell Collins’ proposed system would operate over a 300 MHz bandwidth between 

76.2-76.8 GHz with 30 dBm peak EIRP and a mean power spectral density EIRP of 0 dBm/MHz 

over 300 MHz.  This system resembles—but is not identical to—the “near field obstacle 

detection system” described in the CEPT report.17  Importantly, the proposed power levels for 

                                                 
16  Id. at 11. 
17  Id. at 14-15. 
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such a system are significantly lower than the existing power limits for vehicular radar 

operations (average EIRP of 50 dBm and peak EIRP of 55 dBm).18   

Rockwell Collins suggests that the Commission license heliborne radar operations by rule 

under Part 95, much as the FCC has proposed for vehicular and fixed radar operations in the 76-

81 GHz band.19  In Europe, CEPT is considering authorizing such operations on a license-

exempt basis, as it does with other short range radio frequency devices.  However, given that the 

FCC has proposed to harmonize its 76-81 GHz rules for radar operations under Part 95, 

Rockwell Collins believes that the best approach in the United States would be to include 

heliborne radar in the new harmonized Part 95 rules.  

2. Protection of Radio Astronomy. 

The Commission’s existing rules prohibit unlicensed vehicular radar use on aircraft and 

satellites.20  In the NPRM, the Commission notes that this prohibition was adopted in order to 

protect radio astronomy operations.21  However, a recent study by CEPT demonstrates that 

heliborne anti-collision radar operations can operate in the 77 GHz band while protecting both 

co-channel and adjacent-channel radio astronomy operations using altitude-dependent exclusion 

zones.  By using this approach, the Commission can enable heliborne radars to operate in the 76-

77 GHz band while protecting radio astronomy operations from harmful interference. 

The CEPT report assumed that near-field helicopter radars would operate in the 76-77 

GHz band at an altitude of between 100 m and 300 m, with a mean EIRP of 20 dBm and a peak 

                                                 
18  47 C.F.R. § 15.253(d)(1)-(2). 
19  NPRM ¶¶ 38-39, 47-48. 
20  47 C.F.R. § 15.253(a). 
21  NPRM ¶ 20.  
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EIRP of 24 dBm, and a bandwidth smaller than the bandwidth used by radio astronomy 

operations.22  (In contrast, CEPT assumed that medium-range obstacle detection radar would 

operate in the 76-79 GHz band with a mean EIRP of 29 dBm and a peak EIRP of 33 dBm.)23  It 

also assumed a radio astronomy antenna height of 50 m, with an antenna gain of 0 dBi, and an 

operating bandwidth of either 0.65 GHz or 8 GHz.24  For propagation loss, the CEPT study used 

Recommendation ITU-R P.452-14, which includes line of sight up to the radio horizon, 

diffraction over spherical earth and troposcatter with atmospheric absorption and a time 

percentage of 50 percent.25  Using these assumptions, the report concludes that near-field 

heliborne radar operations can operate co-channel with radio astronomy operations, provided that 

radar operations maintain separation distances of between 47 and 98 km from radio astronomy 

sites, depending upon the altitude of the helicopter.26  The report also concludes, using similar 

inputs, that unwanted emissions into the adjacent passive 89 GHz radio astronomy band can be 

avoided with helicopter radar unwanted emissions limits of between -30 dBm/MHz and -70 

dBm/MHz, depending upon the separation distance between the helicopter radar and the 

adjacent-channel radio astronomy operations.27   

                                                 
22  CEPT Report at 23.  The CEPT report examines compatibility between incumbent operations 

and both near-field and medium-range obstacle detection systems.  As noted above, 
Rockwell Collins’ system most resembles the hypothetical near-field system posited by 
CEPT, as it operates at a lower frequency (between 76-77 GHz) and at lower powers 
(although not quite as low as CEPT’s hypothetical system). 

23  Id. at 15. 
24  Id. 
25  Id. 
26  Id. at 31. 
27  Id. at 29-30.  Specifically, the report concludes that for a separation distance of 200 m, an 

emissions limit of -70 dBm/MHz would be necessary; for 1 km separation, -57 dBm/MHz; 
and for 10-25 km, -30 dBm/MHz.  Id. at 30. 
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Rockwell Collins is developing technologies that would automatically enforce such 

exclusion zones.  These technologies would include a software tool that would establish a 

polygon perimeter defining the outer edges of protected exclusion zones for every radio 

astronomy location in the United States.  In particular, the software would identify the contours 

of four different exclusion zone polygons for each site that correspond to different helicopter 

altitudes:  50 m, 100 m, 200 m, and 300 m and above.  Those polygons, along with the 

coordinates of the radio astronomy sites would be recorded in a dedicated exclusion zone 

database.  The database, in turn, would be embedded in the processing unit for each of Rockwell 

Collins’ helicopter radar systems.  When combined with GPS and altitude data, the processing 

unit would use the exclusion zone database to switch the radar function from “on” to “standby” 

automatically whenever a helicopter equipped with the system enters a radio astronomy 

exclusion zone, turning off all RF emissions.   

Rockwell Collins is discussing the specifics of these systems with European regulators 

and stakeholders, and anticipates working cooperatively with these entities to define a 

comprehensive list of protected radio astronomy sites, to develop appropriate polygons for use in 

the exclusion zone database, and to devise a system for database updates.  Rockwell Collins 

envisions that the system would function in much the same way in the United States, with the 

sites and exclusion zones agreed upon in advance by the FCC and affected stakeholders.   

3. Protection of Other Radar Operations. 

As described in the NRPM, the Commission has authorized a variety of radar systems to 

operate in the 76-77 GHz band.  These include vehicular radar,28 fixed radar systems used at 

                                                 
28  47 C.F.R. § 15.253. 
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airport locations for foreign object debris (“FOD”) detection,29 and level probing radar (“LPR”) 

used to measure the amount of materials in storage vessels or present in outdoor locations.30  The 

CEPT report demonstrates that heliborne radar will not cause harmful interference to these other 

radar operations. 

Vehicular radar.  Vehicular radar systems have a narrow beamwidth of approximately 3º 

while heliborne radar operations have a beamwidth of approximately 10º.31  This means that the 

main beam of the helicopter radar would only intersect with the main beam of the vehicular radar 

when a helicopter flies at very low altitudes (below 30 m) close to a highway.32  Such a situation 

would most likely occur if a helicopter responded to a vehicle accident and needed to hover or 

land near a highway.  As CEPT points out, those situations likely represent only a small fraction 

of total helicopter operations and therefore present a low probability of harmful interference.  

Moreover, CEPT notes that both heliborne and vehicular radar will likely use FMCW 

modulation and beam and frequency scanning capabilities that would further reduce the 

possibility of interference.33   

CEPT also concludes that harmful interference likely will not occur in situations where a 

helicopter flies at altitudes above 200 m, or where the helicopter operates in the side lobe of the 

vehicular radar.34  At helicopter altitudes above 200 m, the beams of the helicopter radar and 

                                                 
29  Id.  Licensed FOD detection radar is authorized in the adjacent 78-81 GHz band pursuant to 

47 C.F.R. § 90.103. 
30  47 C.F.R. § 15.256. 
31  CEPT Report at 34. 
32  Id. at 38. 
33  Id. 
34  Id. 
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vehicular radar will not intersect.  Moreover, due to the propagation characteristics of millimeter 

wave spectrum, signals dissipate quickly over even a short distance.  Similarly, CEPT expects 

“no problem” to result from low-power helicopter radar operations in the side lobe of the 

vehicular radar because only a small separation distance of between 30 and 50 m would be 

needed in order to avoid exceeding the vehicular radar protection criterion (-6 dB).35  Helicopters 

would rarely, if ever, operate this close to moving vehicles. 

Fixed Radar.  The CEPT report notes that fixed radar operations share many similarities 

with vehicular radar operations, although they tend to have a narrower beamwidth and higher 

gain, and are typically mounted at heights of 3-5 m with the antenna pointed slightly downward 

from the horizontal.  According to the CEPT report, harmful interference to fixed systems from 

heliborne radar operations would only occur “if the helicopter was landing in the field of 

observation of the fixed radar, and then only in that particular direction.”36  Rockwell Collins 

therefore anticipates that heliborne radar operations will be able to share the 76-77 GHz band 

effectively both with existing FOD-detection radar and with any other fixed radar operations that 

the FCC may decide to authorize in this proceeding.37 

Although the CEPT report does not specifically address fixed FOD-detection radar used 

at airports, heliborne radar can coexist with FOD-detection radars for the same reasons that the 

FCC has identified with respect to coexistence between fixed radars and wing-tip radar 

applications.  In particular, because both helicopter radars and FOD-detection radars will be used 

at airports, it should be possible to coordinate their use.  As the FCC stated, “it may be possible 

                                                 
35  Id. 
36  Id. 
37  See NPRM ¶¶ 50-55. 
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to create time and space separation between the FOD detection radar and the wingtip [or 

heliborne] radar application uses to reduce the potential for interference.”38 

Level Probing Radar.  The CEPT report does not specifically discuss coexistence 

between heliborne radar and LPR applications.  However, coexistence will be achievable for 

many of the same reasons identified by the Commission with respect to sharing between 

vehicular radar and LPR.  Specifically, LPR equipment “is installed in a downward-looking 

position at fixed locations and the main-beam emission limits have been carefully calculated to 

avoid harmful interference to other radio services.”39  Moreover, “the extreme propagation losses 

of radio signals at these frequencies would mitigate any potential harmful interference beyond a 

very short distance from the LPR device.”40  Because LPRs operate at fixed locations with an 

antenna pointed downward, heliborne radar would be extremely unlikely to cause harmful 

interference except at very close proximity.  In addition, because many LPRs operate inside 

tanks or other storage vessels, the tank or vessel material would likely act to attenuate nearby 

heliborne radar signals.  

                                                 
38  Id. ¶ 59. 
39  Amendment of Part 15 of the Commission’s Rules to Establish Regulations for Tank Level 

Probing Radars in the Frequency Band 77-81 GHz, Amendment of Part 15 of the 
Commission’s Rules To Establish Regulations for Level Probing Radars and Tank Level 
Probing Radars in the Frequency Bands 5.925-7.250 GHz, 24.05-29.00 GHz and 75-85 GHz, 
Ohmart/VEGA Corp., Request for Waiver of Section 15.252 to Permit Marketing of Level 
Probing Radars in the 26 GHz Band, Report and Order and Order, 29 FCC Rcd. 761, 774 
¶ 29 (2014) (“LPR R&O”); NPRM ¶ 23. 

40 LPR R&O at 774-75 ¶ 29. 
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4. Protection of Amateur Operations. 

The Commission has suspended amateur operations in the 76-77 GHz band.41  Even if the 

FCC opts to lift its suspension,42 however, heliborne radar operations could coexist with amateur 

operations.  As the CEPT report explains, the principal consideration when evaluating 

compatibility between heliborne radar operations and amateur operations in the 77 GHz band is 

the probability of the helicopter radar transmitting directly into the main beam of an amateur 

station.43  CEPT estimates the probability of such potentially interfering transmissions to be 

below 0.1 percent.44  CEPT notes that the nature of amateur radar operations further reduces the 

likelihood of interference because most amateurs operate on a listen-before-talk basis and can 

therefore detect nearby heliborne radar operations.45  Accordingly, CEPT has determined that 

“[g]ood compatibility is therefore likely for both helicopter and portable/directional terrestrial 

amateur stations.”46 

B. Authorizing the Use of Heliborne Radar in the 76-77 GHz Band Would 
Promote Regulatory Harmonization Between the United States and Europe, 
Resulting in Economies of Scale. 

At the urging of stakeholders, including Rockwell Collins, regulators in Europe have 

already begun the process of authorizing heliborne radar operations in the 76-79 GHz band, 

building on existing vehicular radar technology to enable the near-term manufacture and 

marketing of affordable heliborne radar systems.  Thus, the FCC has a unique opportunity to 

                                                 
41  See 47 C.F.R § 97.303(s). 
42  See NPRM ¶ 63. 
43  CEPT Report at 32-33. 
44  Id. at 33. 
45  Id.  
46  Id. 
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enable commercially viable heliborne radar systems in the 76-77 GHz band as part of this 

proceeding by creating similar operating rules.  Harmonizing the frequencies available for 

heliborne radar operations across the United States and Europe will ensure a wide market for 

these life-saving technologies while allowing equipment manufacturers to take advantage of 

economies of scale and scope as they produce and market their products on both sides of the 

Atlantic. 

The European process has moved to public consultation on a proposed regulation to 

authorize 77-79 GHz helicopter radar operations.  In October 2014, CEPT’s group on Short 

Range Devices (“SRD/MG”) submitted a regulatory proposal for authorizing heliborne 

surveillance radar operations in the 76-79 GHz band to CEPT’s Working Group on Frequency 

Management (“WG FM”) for public consultation and approval.  Specifically, the proposal would 

insert a new entry for helicopter applications operating in the 76-79 GHz band into Annex 5 of 

ERC/REC 70-03, which contains the European table of allocations for short range devices.47   

The draft technical annex that CEPT submits annually to update the European 

Commission’s Decision on Short Range Devices (“SRD Decision”) also includes a proposal for 

authorizing helicopter radar operations in the 76-79 GHz band.  The SRD Decision sets out the 

harmonized frequency bands and technical usage conditions under which Short Range Devices 

can be used throughout the European Union.48  According to the timeline established for this 

                                                 
47  See European Conference of Postal and Telecommunications Administrations, Electronic 

Communications Committee, ECC Work Programme Database, Responsible Group WG FM, 
Reference SRD/MG_34 (Oct. 10, 2014), available at http://eccwp.cept.org/default.aspx? 
groupid=18&go=true. 

48  European Commission, Digital Agenda for Europe:  A Europe 2020 Initiative, Access and 
Connectivity, Short range, mass market (May 9, 2014), http://ec.europa.eu/digital-
agenda/en/short-range-mass-market; see also Commission Decision of 9 November 2006 on 
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sixth annual update of the SRD Decision, CEPT will submit its draft proposal for amending the 

technical annex to the European Commission in March 2016, and will submit the final report for 

publication in July 2016.49  This will ultimately result in a European Commission decision 

updating the technical annex to the SRD decision to authorize new services and frequencies for 

license-exempt use throughout the EU. 

In addition, CEPT’s WG FM has also issued a request to ETSI to develop a new 

European harmonized standard for helicopter radar.  ETSI created a new working group in 

December 2014 to develop the harmonized standard. 

In short, CEPT has already made significant progress on authorizing helicopter radar 

operations in the 76-79 GHz band throughout Europe.  The FCC therefore now has a unique 

opportunity to expand the authorized radar uses of the 76-77 GHz band to include helicopter 

radar.  Approximately forty percent of the world’s civil helicopter fleet is located in the United 

States, roughly double the number of civil helicopters in Europe.50  Manufacturers of this life-

saving technology would therefore experience significant benefits in economies of scale and 

scope if they could market and sell their helicopter radar products in the United States as well as 

in Europe.  This could ultimately reduce the price of the technology for consumers, providing 

further incentive for its adoption and increasing its anticipated safety benefits.   

                                                 
harmonisation of the radio spectrum for use by short-range devices, 2006/771/EC (Nov. 9, 
2006), available at http://www.erodocdb.dk/Docs/doc98/official/pdf/2006771EC.PDF. 

49  See European Commission, Radio Spectrum Committee, Working Document, Timeframe and 
Guidance to CEPT for the Sixth Update of the SRD Decision, RSCOM13-78rev3, 
at 4 (July 2014), available at https://circabc.europa.eu/sd/a/463a564e-371a-46b9-9aee-
2341faecb0d1/RSCOM13.   

50  Presentation by Matt Rigsby, Federal Aviation Administration, to Aviation Human Factors 
and SMS Conference, Rotorcraft Operations and Statistics at 3 (March 2011), available at 
http://www.signalcharlie.net/file/view/Rigsby+-+FAASTeam+Conference+Mar+2011.pdf. 
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IV. CONCLUSION. 

For the reasons described above, Rockwell Collins respectfully requests that the 

Commission authorize the use of helicopter-mounted radar operations in the 76-77 GHz band. 
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0 EXECUTIVE SUMMARY 

This report presents the results of the compatibility studies performed on the impact of airborne surveillance 
radar in the 76 to 79 GHz frequency range on radio systems and services. 

The airborne surveillance application is described in more detail in the ETSI report ETSI TR 103 137 V1.1.1 
(2014-01) ”Surveillance Radar equipment for helicopter application operating in the 76 GHz to 79 GHz 
frequency range” [1]. In the ETSI Report two different radar modes are presented; a short range mode 
operating in the 76 to 77 GHz band and a long range mode operating in the 76 to 79 GHz band. These 
modes use different radar characteristics and are treated separately in this report.

This report only considers the effect of the airborne use of the proposed technology on the following 
services:

Radio Astronomy Service (RAS);
Radio Amateur and Amateur Satellite Services (AS);
Automotive radar application;
Fixed transport infrastructure radar.

The impact of this airborne use on systems in the Fixed Service operating in the adjacent band 71-76 GHz 
has not been studied in this Report. Neither the effect of the aforementioned services on the airborne 
application is considered as the latter is expected to operate on a non-interference non-protected basis.

Radioastronomy (co-channel)

Separation distances between 47 km and 98 km are required under worst case assumptions (see section 
4.2.2) to protect the RAS stations in Europe (see ANNEX 2:). The difference between the near field and 
medium range obstacle detection system is small (near field system 47-98 km, medium range system 57-98
km). The altitude of the helicopter has an essential impact on the separation distance (altitude 300m: 
separation distance 98 km, altitude 0 m: separation distance 29 km. The above mentioned distances are 
derived for an effective antenna height on the radio astronomy site of 50 m. The effect of the terrain can 
increase the size of the separation distances (e.g. 98 km could increase to 115 km) in case of RAS located in 
elevated positions (or when the helicopter would fly at greater altitudes)  or reduce it when the terrain offer 
shielding to the radio astronomy site. As an example the impact of the terrain at the RAS station Plateau du 
Bure is shown in ANNEX 6:. It will be left to Administrations to identify, where necessary, the size and shape 
of the exclusion zone to protect radio astronomy sites, by using appropriate digital terrain models.

The occurrence probability has also been analysed in this report. As a limit the data loss value of 2% from [4]
maybe applicable as the percentage of lost observation packets each 2000 s period over one day. 

The simplest interpretation would to restrict the helicopter radar activity around the RAS station to fulfil the 
2 % per day. This would mean a maximum on-time of 28.8 minutes a day, or about six Take-Offs and 
Landings per day (assuming 5 minutes transmitter on-time each landing and take-off). 

More detailed occurrence probability calculations are provided in addition considering assumptions on
helicopter deployment. As a result the occurrence probability shows a huge variance. The following Table 
summarises the situation.
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Table 1: summary of results

Scenario A Scenario B
Description Used for 25% of missions 

and only for take-off and 
landing (10% of flight hours) 

Used for 100% of missions and for 
50% of flight hours 

Example 1: 98 km separation distance 
with 300 m altitude, atmospheric loss 
0.15 dB/km, 650 MHz RAS bandwidth

Occurrence  probability 2.7%
Radius of exclusion zone 
48.9 km

Occurrence  probability 53.2%
Radius of exclusion zone 96.1 km

Example 2: 47 km separation distance 
with 300 m altitude, atmospheric loss 
0.35 dB/km, 8 GHz RAS bandwidth, 
near field obstacle detection system

Occurrence  probability 0.6%
Radius of exclusion zone 0 
km

Occurrence  probability 12.2%
Radius of exclusion zone 43 km

It was not possible in this report to determine a representative result for the occurrence probability and 
exclusion zone.  

Therefore, administrations should decide on a national level on the need for and the size of an exclusion 
zone. 

The procedure in Annex 10 is one example of an assessment method that might be used on a national level.

No differentiation has been made between rescue (which is only a fraction of all operations, see chapter 2.4)
and non-rescue helicopter missions in the above calculations, because this is seen as outside the scope of 
this report. 

This report does not consider military helicopters because the information about military use was not 
available. It is expected that military helicopters equipped with the radar systems will increase the 
interference probability. Administrations are urged to consider the actual deployment of military helicopters 
when establishing coordination zones.

Radiostronomy (unwanted emission 89 GHz)

An adjacent band compatibility study is provided for 89 GHz as this is a passive band1. One may expect 
similar results for all RAS bands adjacent to the helicopter radar band (e.g. 79-86 GHz, 92-94 GHz and 94.1-
116 GHz).

The equivalent maximum unwanted emission e.i.r.p are dependent on the assumed separation distance. The 
calculated unwanted emissions limits under the assumption of a uniform flat distribution of the spurious limit 
over 6 GHz bandwidth are:

with 200m assumed separation distance about -70 dBm/MHz; 
with 1 km assumed separation distance -57 dBm/MHz;
with 10-25km assumed separation distance -30 dBm/MHz.

1 ITU Radio regulations Footnote 5.340
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Amateur Service 

MCL calculations in this report concluded that the only critical scenario would be a helicopter transmitting into 
the mainbeam of an amateur station. The likelihood of that situation is estimated to be well below 0.1%. 
Good compatibility is therefore likely for both helicopter and portable/directional terrestrial amateur stations, 
even allowing for uncertainty/growth in both uses over the coming years. 

Radio Location

Information from NATO are mentioned in ECC Report 056 [10] and ECC/DEC/(04)03 [12] that there are 
currently no radiolocation systems operational in the band and there are no plans to introduce such systems. 
No studies were conduct since no other information was received.

Vehicular radars

The only critical situation is when the helicopter is coming to the mainbeam of the vehicular radar. However, 
this situation is not expected to cause a problem because

This happens only when the helicopter is flying at very low altitudes below 30m close to a highway and 
when the helicopter is landing on a highway;
For a helicopter assisting in a road accident the traffic is considered to be stopped, rerouted or be 
moving slowly. Traffic will be kept at a safe distance from the landing helicopter. The helicopter is also 
not necessarily landing on the road;
Because of the relatively low number of helicopter and because only a small percentage of helicopter 
operations is performed close to road traffic (only emergency missions) the probability of interference is 
considered to be low;
Both radar types (vehicular and helicopter radar) are likely to use FMCW modulation that mitigates the
mutual interference. Here it should be considered that the distance between interferer and victim is 
assumed to be much larger than in the inter-vehicle situation;
The beam and frequency scanning capabilities of both radar types can reduce the intercept probability 
even further.

Fixed radars

In similar manner to the discussion regarding vehicle radars, a helicopter borne radar would only be 
expected to cause a problem to a fixed radar if the helicopter was landing in the field of observation of the 
fixed radar, and then only in that particular direction. A fixed infrastructure radar is expected to operate in the 
presence of other radars, including vehicle radars. 

One of the main applications of fixed radars is for traffic management and automated incident detection. If a 
helicopter were attending a traffic incident, then a temporary interruption to automated incident detection 
surveillance would be acceptable.
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Limitation of helicopter radars

The following table provides the limits used in the studies in this report. They were derived from the 
technology specific limits from the ETSI SRdoc [1].

Table 2: possible limitation

Low power system Medium power system
Frequency band 76 to 79 GHz 76 to 79 GHz
Peak power e.i.r.p.
Note 2

26 dBm 33 dBm 

Mean average power density e.i.r.p.
Note1, Note 2

0 dBm/MHz 10 dBm/MHz

Mitigations
DC 20%/s (7 dB)

DC 40%/s (4dB)
25% (6 dB) mainbeam occurrence 
probability each 10°

1. This is the mean power during RF transmitter ON- time and measured with 1 ms dwell time per 1 MHz. 
2 These are typical values at standard ambient conditions
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1 INTRODUCTION

This report presents the results of the compatibility studies performed on the impact of airborne surveillance 
radar in the 76 to 79 GHz frequency range on radio systems and services. 

The application of mm-wave radar technology for the airborne application is described in more detail in the 
ETSI report ETSI TR 103 137 V1.1.1 (2014-01) ”Surveillance Radar equipment for helicopter application 
operating in the 76 GHz to 79 GHz frequency range”[1].

In the ETSI Report two different radar modes are presented; a short range mode operating in the 76 to 77
GHz band and a long range mode operating in the 76 to 79 GHz band. These modes use different radar 
characteristics and are treated separately in this report.

This study only considers the effect of the airborne use of the proposed technology on the following services:

Radio Astronomy Service (RAS);
Radio Amateur and Amateur Satellite Services (AS);
Automotive radar application;
Fixed transport infrastructure radar.

The effect of the aforementioned services on the airborne application is not considered as the latter is 
expected to operate on a non-interference non-protected basis.
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2 HELIBORNE SURVEILLANCE  RADARS

The proposed system concept consists of possibly multiple radar sensors distributed around the helicopter 
fuselage to detect obstacles entering a certain protective volume around the helicopter. This heliborne 
obstacle warning system will aid the crew in the obstacle detection task while manoeuvring at low airspeeds 
typically close to the ground. The system reduces the risk of collision with objects by an early detection of 
obstacles and will therefore improve safety for aircrew, passengers and persons on the ground.

The mature and readily available radar technology in the band 76 GHz to 79 GHz provides appropriate 
sensor performance combined with values of low sensor size, weight, power consumption and cost that 
make it ideally suited for this airborne application. 

Radar characteristics are derived from the required detection capability to also detect those obstacles that 
are most difficult to be visually identified by the flight crew (e.g. power lines, poles, masts etc.).The effective 
detection range of the sensors is prescribed by the velocity at which the helicopter approaches the 
environment as well as the minimum warning time needed for the pilot to assess the situation and initiate 
evasive manoeuvres.

Note: The term ‘altitude’ in regard to helicopters refers to the height of the helicopter above the local ground 
level

2.1 SYSTEM IMPLEMENTATION ON HELICOPTER

The intended function of the Obstacle Detection System is to detect and inform the flight crew of obstacles in 
a protective volume around the helicopter. The operational benefit of this system is in the initial or final 
phases of flight, as well as during hovering phases, in which the helicopter manoeuvers in ground vicinity at 
low airspeeds. It is in those flight phases in which there is an increased risk of collision with all kinds of 
obstacles. To cover all degrees of freedom of the helicopter in approach, landing, hovering and take-off, the 
envelope to be covered is ideally the lower hemisphere around the helicopter (Figure 1). 

The coverage in an actual realization of the system is a trade-off between required functionality, integration 
complexity and affordability. In an example implementation the sensors are integrated below the main rotor 
head in a distributed manner such as to cover a protective volume around the main and tail rotor area 
(Figure 2). In this realization the obstacle detection system provides a main and tail rotor strike alerting 
functionality. Typical use cases therefore involve hovering flight as well as manoeuvring at low airspeeds. 
For a small helicopter type as depicted in Figure 2, typically 4 sensors need to be integrated to cover the full 
360° horizontal field-of-view. For various use cases, the number of sensors can be increased to extend
coverage in the lower hemisphere of the helicopter (Figure 1).

Figure 1: Coverage lower hemisphere, landing in confined area (e.g. System 2 in section 2.5.2)



ECC REPORT 222 - Page 11

Figure 2: Example of 360° coverage using 4 sensors (e.g. System 1 in section 2.5.1)

The system will be used in an environment with obstacles in the vicinity of the helicopter, only. It will be 
switched off if the helicopter leaves this environment. This will be defined in the flight manual. The system 
will therefore typically be used at low altitudes (typically between 0 and 300m height above ground level) but 
shall not be limited to that. In all cases, helicopter operators have to follow the minimum safe altitude 
regulation provided by the national aviation authority (see section 2.3). 

The effective detection range of the sensor system is prescribed by the velocity at which the helicopter 
approaches the environment as well as the minimum warning time needed for the pilot to assess the 
situation and initiate evasive manoeuvres. When considering only hovering and low-airspeed manoeuvring 
phases of flight (e.g. landing, hoisting operations, taxiing), the required detection range is limited to 40 m for 
the Near Field Obstacle Detection system or 250 m for the Medium Field Obstacle Detection System.

2.2 OPERATIONAL PROFILE EXAMPLE

Figure 3: Typical operational profile for helicopter emergency medical service
for primary rescue mission

Figure 3 shows a typical HEMS (helicopter emergency medical service) mission. The helicopter takes off 
from the helipad/airfield in a known and obstacle free environment and therefore there is no need to enable 
the obstacle warning system. After arriving at the accident site, the helicopter descends to the landing zone 
and picks up the person injured. During landing, hover and take-off, the obstacle warning system is operative 
and informs the flight crew of obstacles in the direct vicinity of the helicopter environment in case of unknown 
and/or complex obstacle environment. The helicopter flies in cruise altitude to the hospital. Emission of radar 
energy is deactivated in this phase. During landing and take-off at the hospital, the flight crew again is 

Helipad/Airfield Accident

Hospital

minimum altitude

obstacle warning 
area
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informed of obstacle by the obstacle warning system in case of unknown and/or complex obstacle 
environment. The emission of radar energy will be deactivated during cruise flight back to the helicopters air
base. As the helipad/airfield is a known and obstacle free environment there is no need to enable the 
obstacle warning system during the landing phase.

Minimum flying altitudes and off-field landing are regulated for each state (see the following section).

2.3 CIVIL AVIATION REGULATIONS

The European Aviation Safety Agency (EASA) is a European Union agency building the centrepiece of the 
European Union’s strategy for aviation safety.

EASA issues the “Implementing Rules for Air Operations of Community Operators” which state that “An 
aircraft shall not be flown below minimum altitudes established by the State overflown”.

As an example the regulation in Germany [18] is summarised below:

a) Landing outside of airfield (off-airfield landing) is only allowed after permission from the competent 
authority of the federal state. 
Exceptions are e.g. emergency landing and helicopter emergency medical service (§25 Abs. 1 
LuftVO);

b) Minimum safe altitude is 300 meter (1 000 feet) above residential area, production plants, gatherings 
and accident sites above the highest obstacle in an area of 600 meter. For all other areas it is 150 m 
(500 feet) above ground and water;

c) For cross-country flights, a minimum altitude of 600 meter (2 000 feet) is applicable;
d) In German aviation regulations the Public Services (law enforcement, military etc.) can deviate from 

these regulations in exceptional cases if mandatory to perform their sovereign duty, thereby always 
respecting public order and safety.

2.4 STATISTICS FOR HELICOPTER OPERATIONS

Information available from [9]:

For 2008, it was estimated that approximately 6800 helicopters were registered in Europe for civil use. 
No reliable flight hour data is available for all registered helicopters across Europe. However, for the year 
2008 a total of 1.7 million flight hours and 4.7 million landings was estimated for turbine powered 
helicopter, involved in civil use, registered in Europe.

Assumptions on helicopter types:

In Germany, 756 helicopters have been registered at the Federal Office of Civil Aeronautics 
(Luftfahrtbundesamt) at 28.02.2014. Out of these 756 helicopters, 272 (or 36%) are powered with piston 
engine and 484 (or 64%) are powered with turbine engine. Piston engines helicopters are not considered 
to use the described system for the following reasons:
a) Due to the different technology of piston engine compared to turbine engine, piston engine helicopter 

have significantly reduced ratio of power to weight. Therefore the possibility to install auxiliary avionic 
(increasing weight and power consumption) is very limited;

b) Piston engine helicopters have mainly a maximum Take-Off weight below 2000 kg. Therefore these 
helicopters have limited usability for HEMS (no capacity to install medical equipment and winch);

c) Commercial aspect: ratio system price to helicopter price is too high.

Assuming a turbine engine percentage of 64% across Europe (taken from the percentage in Germany), a 
total turbine engine helicopter number of 4400 can be used (= 6800 x 64%). 
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Considerations on airborne radar use:

Turbine helicopters are being used for a variety of missions by a variety of operators (HEMS, Police, 
Utility, Off-Shore, VIP transport etc.);
Radar system only used during take-off and landings (as many take-offs as landings);
System is considered to be operative for 5 min per landing/take-off (worst case);
System only used when operating in an unknown and/or complex obstacle environment (e.g. outdoor 
landing for HEMS operators, inadvertently flight in degraded visual environment, pilot not familiar with 
landing area);
The following calculations have been based on the statistic of 4.7 million landings for turbine helicopters 
in 2008;
Considering modest growth in helicopter operations for the next year, a total number of 10 million take-
off/landings is assumed;
It can be considered that the number of take-offs, hover and landings in which the airborne radar system 
will be in use is 25% of all take-offs and landings for all turbine equipped HCs:
a) 15% are estimated as primary rescue missions like HEMS and police rescue missions. (HEMS 

missions are distinguished between primary rescue missions in which the radar system can be 
assumed to be used and secondary missions, e.g. inter hospital flights in which the system is rarely 
used);

b) 10% are estimated as non-rescue missions like Utility-, Off-Shore-, VIP transport-missions:
The main part of these missions contains Off-Shore operations which is transport of person to 
and from oil rigs and wind park maintenance;
< 5% of these missions are estimated to be operated onshore;

c) Hover missions are included in these numbers;

Not all turbine equipped helicopters will perform operations in complex obstacle area;
80% market penetration after 10 years of market entry.

Table 3: Consideration of Helicopter Operations

Scenario A B C D
Number of Flight Hours per 
Year

hours 1700000 1700000

Number of Landings and 
Take-Offs per Year

10000000 10000000

Area of Europe km² 4400000 4400000
Time of System operation
per landing/take-off

min 5 5

Number of operations 
where the system is used

% 25% 100% 25% 100%

system on time per flight 
hour

% 10% 50%

market penetration % 80% 80% 80% 80%

Calculation
Number of flight hours per 
area

hr/km² 0,4 0,4

Number of landings/take-
off per area

km² 1,8 1,8

System on time per area 
per year

min/km² 0,5 9,3 2,3 9,1

System on time per area 
per day

sec/day/km² 0,08 1,52 0,37 1,49

Note: This report does not consider military helicopters because the information about military use was not available. It is expected that 
military helicopters equipped with the radar systems will increase the interference probability. Administrations are urged to consider 
the actual deployment of military helicopters when establishing coordination zones.
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Both scenarios A and B are based on an assumed ON-time per flight hour in %:

Scenario A: Assumes a system ON-time of 10% per flight hour and the assumption is made that the 
system is used for 25 % of all take-off and landing manoeuvres.
Scenario B: Assumes a system ON-time of 50% per flight hour (worst case). In addition, the assumption 
is made that the system is used in every take-off and landing manoeuvre (worst case).

Both scenarios C and D are based on an assumed ON-time per take-off and landing in minutes.

Scenario C: Assumes a system ON-time of 5min per take-off and landing and the assumption is made 
that the system is used for 25 % of all take-off and landing manoeuvres.
Scenario D: Assumes a system ON-time of 5min per take-off and landing. In addition, the assumption is 
made that the system is used in every take-off and landing manoeuvre (worst case).

Scenarios B and D consider 100 % use of the system which is unrealistic due to the high number of routine 
flights where the system is not expected to be used.

2.5 TECHNICAL CHARACTERISTICS

Technical characteristics and justification for spectrum requirements for the airborne application are detailed 
in ETSI TR 103 137 V1.1.1 (2014-01) ”Surveillance Radar equipment for helicopter application operating in 
the 76 GHz to 79 GHz frequency range” [1].

The sensor unit consists for example, of an RF-Frontend with typically two transmitters and a 16 channel 
receiver with integrated baseband-signal conditioning. 

The Transmitter consists of a highly integrated 77 GHz SiGe- MMIC with signal-generator and up to 4 
transmit-amplifiers. The signal generator creates a fast ramp FMCW signal which will be sent sequentially by 
one of the two transmitters. On the receiver site, each channel is connected to a single antenna-column with 
a wide horizontal and a narrow vertical beam. The signals of the receivers are sampled and pre-processed 
using the massive parallel signal processing capability of an FPGA. The signal processing is providing 
information about range and velocity of the detected objects. In the horizontal plane, the output of the 
receivers is combined using digital beam forming techniques.

The technical details of two possible radar systems are given in sections 2.5.1 and 2.5.2 based on the 
obstacle detection requirements and operational use cases. Parameters to be used in the studies are given 
in section 2.5.3.

2.5.1 Near Field Obstacle Detection System (System 1)

This radar system is used for detection of obstacles in the direct vicinity of the helicopter. This mode is 
supporting hover and slow moving operations for approach, landing and take-off. This mode uses wideband 
signals to provide a precise range information of objects with a high range separation in the order of 
centimetres. The detection range does not need to be more than 40 m. This mode operates in the 76 GHz to 
77 GHz band with a bandwidth of typically 800 MHz. System parameters are given in the below Table 4.

Table 4: Main RF parameters for Near Field Obstacle Detection System (System 1)

Frequency range of operation 76 to 77 GHz
Mean power (e.i.r.p.) 20 dBm over 800 MHz bandwidth (Note 1, Note 3)
Mean power (e.i.r.p) dBm/MHz -4 dBm/MHz (Note 2, Note 3)
RF power duty cycle per s 20%
Peak power (e.i.r.p.) 26 dBm over 800 MHz bandwidth (Note 3)
Bandwidth (3dB) 800 MHz
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Transmitter antenna gain 13 dBi (details see in ANNEX 3:)
Receiver antenna gain 22 dBi

Coverage
Typically 360 ° coverage of main and tail rotor area with 
4 sensors (see Figure 2) – can be increased with 
additional sensors for coverage in the lower hemisphere

Note 1:  This is a calculated value from the measured peak power and the measured DC value
Note 2: This is the mean power during RF transmitter ON-time and measured with 1 ms dwell time per 1 MHz. 
Note 3: These are typical values at standard ambient conditions

Detailed measurements can be found in ANNEX 7:.

The system parameter are complying with the limits for automotive radars in the band 76 to 77 GHz as given 
in the ETSI standard EN 301 091-1 [6].

2.5.2 Medium Range Obstacle Detection System (System 2)

Another radar system may be used for detecting obstacles during approach, landing and take-off. In these 
flight phases the detection range needs to be higher to ensure an appropriate warning time when flying at 
higher speeds. The detection range does not need to be more than 250m. This mode operates in the 76 to 
79 GHz band. The sensor is modulated with a bandwidth of typically 130 MHz at three different centre 
frequencies. The different centre-frequencies are necessary to provide additional electronically beam 
steering in vertical direction. Due to helicopter limitations electronic beam steering is used as a practical 
solution. This system is making a 3D-Observation. This means, that beside horizontal beamsteering, also a 
vertical beamsteering is necessary. The change of the centre-frequency from approx. 76 to 79 GHz results in 
a capability of 7.5° vertical beamsteering. A reduction to the 76-77 GHz band would reduce this capability by 
a factor of 3 to 2.5°, which is not enough for good operation.

The system parameter (see Table 5) are complying with the limits for automotive radars in the band 76 to 77 
GHz as given in the ETSI standard EN 301 091-01 [6], but are above the limits for short range vehicular 
radars in the band 77 to 79 GHz as given in the standards EN 302 264-01 [7].

Table 5: Main RF parameters for Medium Range Obstacle Detection System (System 2)

Parameters Values
Frequency range of operation 76 to 79 GHz

Mean power (e.i.r.p.) 29 dBm over 130 MHz bandwidth (Note 1, Note 3)

Mean power spectral density (e.i.r.p) 8 dBm/MHz (Note 2, Note 3)
RF power duty cycle per s 34%
Peak power (e.i.r.p.) 33 dBm over 130 MHz bandwidth (Note 3)
Bandwidth (3dB) 130 MHz at typically three center frequencies 
Transmitter antenna gain 13 dBi (details see ANNEX 3:)
Receiver antenna gain 22 dBi
Coverage lower hemisphere (see Figure 1)

Note 1: This is a calculated value from the measured peak power and the measured DC value
Note 2: This is the mean power during RF transmitter ON- time and measured with 1 ms dwell time per 1 MHz. 
Note 3: These are typical values at standard ambient conditions

Detailed measurements can be found in ANNEX 7:.

In a typical implementation a number of surveillance sensors are integrated in a distributed manner around 
the helicopter to cover the complete lower hemisphere.
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Medium Range Obstacle Detection System (System 2) operates with vertical Field of View scan in 4 cycles 
(see also ANNEX 3:) which leads to additional mitigation factor of about 6 dB.

2.5.3 Technical Parameters used in this report

The following table provides a comparison of the existing limits for vehicular radars with the parameters for 
the above two helicopter radar systems and derives two sets of limit to be used in the studies in this report.

Table 6: comparison of technical parameters

ERC/REC 
70-03 Annex 

4 and 5

ECC/DEC/
(04)03

Helicopter 
radar 

System 1

Helicopter 
radar 

System 2

Low power
system

Medium 
power
system

Frequency band 76-77 GHz 77-81 GHz 76-77 GHz 76-79 GHz 76-79 GHz 76-79 GHz
Peak power 
e.i.r.p.
Note 3

55 dBm / 
1 GHz

55 dBm / 
4 GHz

26 dBm / 
800 MHz

33 dBm / 
130 MHz

26 dBm 33 dBm

Mean/average 
power e.i.r.p.
Note 3

50 dBm 
average 
power or 
23.5 dBm 
average 
power
for pulse 
radar only

Not 
specified 
(would be 
with 4 GHz 
bandwidth 
33 dBm)

20 dBm / 
800 MHz

29 dBm / 
130 MHz

20 dBm
Note 1

30 dBm 
Note 1

Mean average 
power density 
e.i.r.p.
Note 3

Not specified 
(would be 20 
or -6.5 
dBm/MHz for 
1 GHz 
bandwidth)

-3
dBm/MHz / 
-9
dBm/MHz 
outside a 
vehicle

-4
dBm/MHz

8
dBm/MHz

0 dBm/MHz
Note 2

10 dBm/MHz
Note 2

Mitigations DC 20 %/s DC 34%/s DC 20% (7 
dB)

DC 40%/s 
(4dB)
25% (6 dB) 
mainbeam 
occurrence 
probability 
each 10°

Mean 
e.i.r.p. 
density 
including 
mitigations

-7 dBm/MHz 0 dBm/MHz

Note 1: This is a calculated value from the measured peak power and the measured DC value
Note 2: This is the mean power during RF transmitter ON- time and measured with 1 ms dwell time per 1 MHz. 
Note 3: These are typical values at standard ambient conditions

ANNEX 1: contains some calculations to validate the power and bandwidth requirements of those radars.  
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3 RADIO SERVICES AND SYSTEMS

Current allocation of the candidate bands are summarized in Table 7, together with actual usage within the 
CEPT.

Table 7: ITU Allocations and actual usage in CEPT

Frequency Band ITU Allocations in 
Region 1

Actual usage of the band at 
national level within CEPT

Actual usage of adjacent 
bands at national level

within CEPT

76 to 77.5 GHz

RADIO 
ASTRONOMY
RADIOLOCATION

Amateur-Satellite
Amateur

Space Research 
(space-to-Earth)

Amateur, Amateur-satellite, SRR, 
Radiolocation (civil)

Radiodetermination applications 
(Within the band 75-85 GHz for 
TLPR and LPR applications)

Railway applications 
(Obstruction/vehicle detection at 
level crossings)

Radio astronomy (primary 
service) (Continuum and spectral 
line observations)

RTTT (Within the band 76-77
GHz Radar. Road Transport and 
Traffic Telematic) (SRD 
application)

Amateur, Fixed, Space 
research (VLBI), Amateur-
satellite, 

Radiodetermination 
applications (Within the 
band 75-85 GHz for TLPR 
and LPR applications)

77.5 to 78 GHz

AMATEUR-
SATELLITE
AMATEUR

Radio Astronomy

Space Research 
(space-to-Earth)

SRR

Radio astronomy (Continuum and 
spectral line observations)

Radiodetermination applications 
(Within the band 75-85 GHz for 
TLPR and LPR applications)

78 to 79 GHz

RADIOLOCATION

Amateur

Amateur-Satellite

Radio Astronomy

Space Research 
(space-to-Earth)

SRR

Radio astronomy (Continuum and 
spectral line observations)

Radiodetermination applications 
(Within the band 75-85 GHz for 
TLPR and LPR applications)

Defence systems

Radiolocation (civil)

SRR

Radio astronomy 
(Continuum and spectral 
line observations)

Radiodetermination 
applications (Within the 
band 75-85 GHz for TLPR 
and LPR applications)

Defence systems

Radiolocation (civil)

From RR Footnote 5.149: In making assignments to stations of other services to which the band 76 to 86 
GHz is allocated, Administrations are urged to take all practicable steps to protect the radio astronomy 
service from harmful interference. Emissions from spaceborne or airborne stations can be particularly 
serious sources of interference to the radio astronomy service (see RR Nos. 4.5 and 4.6 and Article 29).
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3.1 RADIO ASTRONOMY SERVICE (RAS)

During an observation, a radio astronomy telescope points towards a celestial radio source at a specific right 
ascension and declination, corresponding with a specific azimuth and elevation at a certain moment in time. 
During this observation the pointing direction of the telescope is continuously adjusted to compensate for the 
rotation of the Earth. It is assumed that interference from a terrestrial transmitter is generally received 
through the side lobes of the RAS antenna.

The ITU-R Recommendations taken as a basis for the compatibility study carried out are the following:

Recommendation ITU-R RA.769-2: “Protection Criteria used for Radioastronomical Measurements” [2];
Recommendation ITU-R RA.1513-1: “Levels of data loss to RAS observations and percentage-of-time 
criteria resulting from degradation by interference for frequency bands allocated to the RAS on a primary 
basis” [4];
Recommendation ITU-R P.452-14: “Prediction procedure for the evaluation of interference between 
stations on the surface of the Earth at frequencies above about 0.1 GHz*” [3];
Recommendation ITU-R P.676-5: “Attenuation by atmospheric Gases” [5].

Recommendation ITU-R RA.769 [2] assumes that the interference is received in a side lobe of the antenna 

with a very high main beam gain, typically of the order of 70 dB. If interference is likely to be received via the 
main lobe of the antenna pattern, this high gain should also be taken into account. However, 
Recommendation ITU-R RA.769 [2] assumes that the chance that the interference is received by the main 
lobe of the antenna is low, and therefore uses the level of 0 dBi in the calculation of the levels of detrimental 
interference given in this Recommendation.

It is considered that the interference received at the radio telescope antenna shall not exceed the levels of 
detrimental interference given in Recommendation ITU-R RA.769. For the frequencies between 76 and 84 
GHz, RAS observing programs are dedicated to spectral line and continuum observations, which have 
different protection requirements. In this report only the continuum observations is considered. 

Since the band 76 to 79 GHz is not listed in Recommendation ITU-R RA.769, the limits needs to be
interpolated from the listed bands 43 GHz and 89 GHz.

A list of RAS stations operating in the range 76 to 79 GHz within CEPT is available in ANNEX 2:.

Detailed information on the scientific importance of the 4mm Band (76 to 79 GHz) for the RAS in given in 
ANNEX 4:.

3.2 AMATEUR AND AMATEUR SATELLITE SERVICE

The amateur and amateur-satellite services have harmonised allocations in all three ITU Regions in the 
frequency range 76 to 81 GHz range as follows:

Table 8: Allocations for Amateur Services

Frequency Services

76.0 to 77.5 GHz Amateur & Amateur Satellite

77.5 to 78.0 GHz AMATEUR & AMATEUR SATELLITE

78.0 to 81.0 GHz Amateur & Amateur Satellite

The European Table of Frequency Allocations (ERC Report 25 [17]) also includes footnote EU35, which 
allocates 75.5 to 76 GHz to the Amateur and Amateur Satellite services due to previous compatibility 
concerns with wideband 79 GHz short-range automotive radar in ECC Report 056 [10].
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The operational characteristics of amateur stations and amateur-satellite stations vary significantly. Whilst 
overall numbers are relatively small compared to lower frequency bands, operation has matured as 
equipment has become increasing available. Based on the IARU Region-1 VHF Managers Handbook [19]
they can be categorised in this frequency range as:

Weak-signal reception of Narrowband Terrestrial operation in harmonised sub-bands centred at 76032, 
and 77501 MHz (and at 75976 MHz, where EU35 is implemented);
These narrowband amateur stations are generally portable low-power directional systems focussed on 
long-range communications from hilltop portable stations (where they can achieve line-of-sight contacts 
up to 100-200km).

In addition there are:-

A small number of fixed stations with larger antennas/power undertaking technology development and 
trials for Earth-Moon-Earth (EME) communications (also called ‘Moonbounce’), using narrowband 
modulation in the 77.1 to 78.2 GHz range;
A small number of shorter range wider bandwidth data/multimedia links and omnidirectional propagation 
beacons;
Plans for experimental beacons on small satellites.

3.2.1 Characteristics for the Amateur Service

Recommendation ITU-R M.1732-1 [11] provides characteristics of stations operating in the amateur service 
for use in sharing studies. However this is not very specific for the 77 GHz bands. In 2004 more specific data 
for amateur systems was used for ECC Report 056 [10]. Since that report, technology has developed further 
and more recent ITU-R SG5 studies for WRC15 account for this (such as the wider availability of PAs and 
low noise preamps) This enables the following table to be used as the basis of sharing studies for the more 
typical amateur stations.

Table 9: Examples of Amateur Service characteristics in the band 76-79 GHz

Parameter CW-Morse SSB Voice NBFM Voice

Transmitter Power(1) (dBm)
0 – 20 
(typically: 13) 

0 – 20
(typically: 13)

3 – 20
(typically: 13)

Typical Feeder Loss (dB) 1 1 1

Antenna gain (dBi)
36 – 42
(typically: 40)

36 – 42
(typically: 40)

36 – 42
(typically: 40)

Typical e.i.r.p.(dBW) 22 22 22

Antenna polarisation Horizontal, Vertical, Horizontal, Vertical Horizontal, Vertical

Receiver IF bandwidth (kHz) 0.5 2.7 15

Receiver Noise Figure(2) (dB)
3 – 7
(typically 4)

3 – 7
(typically 4)

3 – 7
(typically 4)

(1) Maximum powers are determined by each administration.
(2) Receiver noise figures for bands above 50 MHz assume the use of low-noise preamplifiers.

For studies in the 77.5-78 GHz amateur Primary allocation, ITU WP5 has adopted a –6dB I/N interference 
ratio. For the purpose of this study, higher power EME experiments, which are fairly rare, have been ignored.
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3.2.2 Characteristics for the Amateur-Satellite Service

Most current amateur satellites are typically nano or picosats (also called ‘cubesats’) that occupy slightly 
elliptical Sun-Synchronous low earth orbits (LEO) of 600-800km altitude. These smaller satellites have 
relatively low power and antenna gain.

In 2012 studies by ITU Working Party 5A for WRC-15 AI-1.18 were unable to identify current in-orbit use of 
the 77.5-78 GHz frequency band in the amateur-satellite service. However this should not preclude future 
usage, including plans for transmission beacons on-board amateur satellites for attitude determination and 
atmospheric propagation research for reception by amateur ground stations. If implemented the satellite 
beacon frequencies would be most likely aligned with the terrestrial narrowband amateur stations

A practical issue arises due to significant Doppler shift in low earth orbit at these frequencies. Therefore, 
many amateurs would in practice utilise at least the same if not greater bandwidth than for terrestrial usage 
and the most likely situation would be sidelobe rather than main beam compatibility. Therefore further 
considerations are confined to amateur service only.
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4 COMPATIBILITY STUDIES

4.1 RESULTS FROM ECC REPORT 056

The following 3 primary radiocommunication services have been considered in ECC Report 056 [10]:
Radiolocation Service;
Radio Astronomy Service;
Radio Amateur and Amateur Satellite Services.

ECC Report 056 [10] did not address the impact of radiocommunication services on SRR receivers, as the 
latter are expected to operate on a non-interference non-protected basis.

Technical SRR parameters from ECC Report 056:

Table 10: Main RF parameters for 79 GHz SRR

Frequency Services

Mean PSD (e.i.r.p) – 3 dBm/MHz

Mean Power (e.i.r.p) 24 dBm

Peak Power (e.i.r.p) 55 dBm

Bumper attenuation 6 dB

4.1.1 Radiolocation Service

NATO informed CEPT at the time ECC Report 056 was prepared that there are no radiolocation systems 
operational in the 79 GHz frequency range and that there are currently no plans to introduce such systems. 
No compatibility studies were therefore conducted with radiolocation systems in this frequency range. 
Further details are provided in Annex B of ECC Report 056 [10].

In addition, ECC/DEC/(04)03 [12] mentions in considering i) “that information has been received from NATO 
that there are currently no radiolocation systems operational in the band and there are no plans to introduce 
such systems”.

Consequences for this report: No need to conduct studies as there is no other information available.

4.1.2 Radio Astronomy Service

The compatibility of SRR systems with the Radio Astronomy Service (RAS) around 79 GHz was studied on 
the assumption of a mean e.i.r.p. per SRR device of  –3 dBm/MHz. The analysis shows that coexistence is 
dependent on the aggregated impact of SRR devices transmitting in the direction of a RAS station.

A detailed compatibility study with the Radio Astronomy Service is provided in Annex C of ECC Report 056.

It is concluded in ECC Report 056 [10] that regulatory measures (e.g. automatic deactivation mechanism 
close to RAS observatory stations) are necessary to enable the coexistence between SRR and the RAS. 

Consequences for this report: Studies with different power values, deployment scenarios and propagation 
ranges are provided in section 4.2 of this report.
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4.1.3 Radio Amateur and Amateur Satellite Services

Without consideration of mitigation factors ECC Report 056 [10] obtained separation distances under worst 
case conditions in the order of 2 km in the main lobe to main lobe case for 79 GHz SRR systems. 

ECC Report 056 considered in additions that the probability of interference as a result of SRR radiating 
through its antenna main lobe into the AS station antenna main lobe would however be very low. The 
occurrence of the main beam to side lobe interference scenario would still be expected to be low. When 
considering the side lobe to side lobe case, the protection distance would be around 80 m.

Furthermore it is mentioned in ECC Report 056 that there are currently only some hundreds of active AS 
stations inside CEPT (e.g. around 50 in Germany). In the future a greater number of AS stations could be 
expected (e.g. for linked stations).

A detailed compatibility study with the Amateur and Amateur Satellite Services is presented in Annex D of 
ECC Report 056 [10].

Consequences for this report: The updated separation distances for the requested power levels and an 
estimate on the occurrence probability are provided in section 4.3 of this report.

4.2 STUDIES WITH RADIOASTRONOMY

4.2.1 Choice of the propagation model for sharing studies with the radioastronomy service

For sharing studies between automotive SRR and RAS in the 78 GHz band, Report ITU-R SM.2057 used 
Recommendation ITU-R P.452. However, it has to be highlighted that Recommendation ITU-R P.452-14 is in 

principle validated up to 50 GHz (see paragraph 1 of Annex 1: “The prediction procedure is appropriate to 
radio stations operating in the frequency range of about 0.7 GHz to 50 GHz”). Recommendation ITU-R

P.620-6, applicable up to 110 GHz, could be used here. The main difference to P.452 seems to be the term 

50
log

10
exp16.2),( 1

1
pddpE ,

which models signal enhancements for low percentages of time.
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The following Figure shows E(p1,d).

Figure 4: Signal enhancements at low percentage of time

The impact of the above considerations is assumed to be only marginal and therefore the following 
calculations are using Recommendation ITU-R P.452 [3] with 50% time percentage.

4.2.2 Separation distances for RAS stations (co-channel single entry)

Input parameters:

Operating altitude of air-borne radar: 100m and 300m;
Helicopter radar mean e.i.r.p.. Pe.i.r.p.: 20 dBm (-10 dBW) and 24dBm (-6 dBW); mitigation factors are 
already considered in those values (see section 2.5.3);
Operating band width radar: smaller than RAS bandwidth;
Effective height of RAS antenna: 50m;
Operating frequency of  radar and radio observatory: 77.75 GHz;
Antenna gain RAS Ge: 0dBi;
Operating band width radio observatory: 

= 0.65 GHz;
= 8 GHz (wide bandwidth continuum observations);

Path loss model: the propagation calculations using Recommendation ITU-R P.452-14 include line of 
sight up to the radio horizon, diffraction over spherical earth and troposcatter with atmospheric 
absorption; time percentage 50%;
Atmospheric absorption: 0.15 dB/km (as common for RAS observing sites and good observing 
conditions) and 0.35 dB/km for the standard atmosphere from [5];
Recommendation ITU-R RA. 769 threshold HP for 77 GHz:  -194.8 dBW and -188 dBW (Integration 
time tint=2000s, reference bandwidth 650 MHz and 8 GHz, nearest values for Ta = 12 K and Tr = 30 K 
from 89 GHz table entries), calculated according to the following formula: 

10
int

10 log10
)(1.0

log10
t

TTk
P raB

H

[dBW]

with bandwidth in Hz, tint in seconds and the Boltzmann constant kB=1.381 10-23 W/Hz.
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The required coupling loss due to path loss between RAS station and helicopter radar is calculated 
according to MCL = Pe.i.r.p.+Ge- PH . 

Figure 5 shows the path loss according to P.452.

Figure 5: Propagation losses for 77.75 GHz for a 50 m high telescope and 300m altitude of the 
transmitter according to ITU-R P. 452-14 (atmospherical loss 0.35 dB/km, MCL line at 194.8 dB)

From Figure 5 we note that we are at the edge of the diffraction regime for the required MCL.

Results for the different assumptions are summarized in Table 11.

Table 11: Summary of the required distances to protect RAS stations

Operating band width radio 
observatory

650 MHz
Note

650 MHz
Note

8 GHz 8 GHz

ITU-R RA. 769 threshold 

HP
-194.8 dBW -194.8 dBW -189.4 dBW -189.4 dBW

Helicopter radar mean 
e.i.r.p. Pe.i.r.p.

-6 dBW -10 dBW -6 dBW -10 dBW

MCL dB 188.8 184.8 183.4 178.4

atmospheric loss Helicopter altitude minimum separation distances

0.15 dB/km 300 m 98 km 98 km 93 km 78 km

0.35 dB/km 300 m 68 km 57 km 57 km 47 km

0.15 dB/km 100 m 69 km 68 km 68 km 68 km

0.35 dB/km 100 m 68 km 57 km 57 km 47 km
Note: 650 MHz bandwidth is only an example of a smaller radio astronomy bandwidth
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4.2.3 The radio horizon

The above calculation assumed a flat terrain and therefore LOS to the radio horizon. The radio horizon with 
the according LOS path loss values are calculated in Table 12.

Table 12: calculation of the radio horizon

Height helicopter
above ground

(m)

Height RAS 
(m) 

Radio horizon 
(km)

Path loss 
LOS+0.35dB/km

Path loss 
LOS+0.15dB/km

300 1000 201 246,5 206,4

300 500 163 231,4 198,9

2000 50 212 251,1 208,6

1000 50 159 229,8 198,0

300 50 100 205.2 185.2

200 50 87 199.5 182.1

100 50 70 191.6 177.6

50 50 58 185.8 174.2

30 50 51 182.5 172.2

20 50 47 180.3 170.8

10 50 42 177.4 169

0 50 29 169.6 163.8

In the following figure the path loss values are shows over distance together with the required MCL values 
from Table 11 above.  It can be seen from there that a separation distance of more than 115 km could not be 
possible with the worst case MCL values from Table 11 (188.8 dB) and the atmospheric loss of 0.15 dB/km 
although the radio horizon can much larger (e.g. up to 212 km).
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Figure 6: derivation of max required separation distance

For the example of a MCL of 178 dB for continuum observation (see previous section) the required 
separation distances are for 0.15dB/km atmospheric loss about 70 km and for 0.35 dB/km about 42 km:

300m altitude, radio horizon 100km: the LOS path loss is between 7 dB and 27 dB above the required 
decoupling, that means 100km separation distance not required; 
100m altitude, radio horizon 70km: the LOS path loss of 192 dB is 14 dB above the required decoupling;
10m altitude, radio horizon 42 km: the LOS path loss of 178 dB just sufficient to deliver the required 
decoupling.

This exercise is in line with the calculations in the previous sections and shows that the propagation model 
from Recommendation ITU-R P.452 results in free space loss plus atmospherically losses up to the radio 
horizon, without any consideration of clutter or other losses.

4.2.4 Consideration of the terrain

In some cases an exclusion zone could be derived from the particular topography of the region. This 
exclusion zone is height dependent and requires automated system control.

ANNEX 6: illustrates an example of the radio astronomy station Plateau de Bure and the areas in which 
helicopter activity with an active 77 GHz radar can cause interference to a radio observatory.

4.2.5 Probability of interference

In this section the occurrence probability of interference from helicopter radars into the RAS is assessed. 

Some consideration on acceptable data loss to Radio Astronomy is given in [4]. It is recommended there: 

1. that, for evaluation of interference, a criterion of 5% be used for the aggregate data loss to the RAS due 
to interference from all networks, in any frequency band allocated to the RAS on a primary basis, noting 
that further studies of the apportionment between different networks are required;



ECC REPORT 222 - Page 27

2. that, for evaluation of interference, a criterion of 2% be used for data loss to the RAS due to interference 
from any one network, in any frequency band which is allocated to the RAS on a primary basis; 
and

3. that the percentage of data loss, in frequency bands allocated to the RAS on a primary basis, be 
determined as the percentage of integration periods of 2 000 s in which the average spectral power flux-
density (pfd) at the radio telescope exceeds the levels defined (assuming 0 dBi antenna gain) in [2]. The 
effect of interference that is periodic on time scales of the order of seconds or less, such as radar pulses, 
requires further study.

The 2% from [4] maybe applicable for this study as the percentage of lost observation packets each 2000 s 
period over one day. 

The simplest interpretation would to restrict the helicopter radar activity around the RAS station to fulfil the 
2 % per day. This would mean a maximum on-time of 28.8 minutes a day, or about six Take-Offs and 
Landings per day (assuming 5 minutes transmitter on-time each landing and take-off). 

More detailed calculations are provided below to derive results on the occurrence probability with real 
helicopter deployment values.

The following provides a calculation for the probability of system ON time per day for helicopters in areas 
around a RAS station. It assumes a homogenous geographical distribution of helicopter landings/take-offs 
and uses the system ON-time per day per HC calculated before in section 2.4.

The term “critical range” will be used in this report as range where the RAS protection objective from ITU-R
RA.769 is exceeded. The occurrence probability will be calculated assuming helicopter deployment only in 
that “critical range” around the RAS. Although the value is equal to the “separation distances” derived from 
section 4.2.2, the differentiation has been made here to avoid confusions with the occurrence probability 
calculations in this section.

The separation distances from MCL calculations are used as critical ranges to calculate the occurrence 
probability within that radius around the RAS stations. For a helicopter altitude of 300m and an atmospheric 
loss of 0.15 dB/km they vary between 78 and 98 km (for an atmospheric loss of 0.35 dB/km between 47 and 
68 km). In the following the results are given for three values between 47 and 98 km (47, 68 and 98 km) to 
give an indication of the range of results. 

Table 13 shows in lines 2, 4 and 6 the occurrence probability for the critical ranges of 98 km, 68 km and 47 
km around the RAS station without any protection zone. In addition, Figure 7 gives a continuous curve with 
the occurrence probability as function of critical range and scenario.
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Table 13: Occurrence probability for all helicopter missions per day and exclusion zone calculation

Critical 
range km

Scenario A Scenario B Scenario C Scenario D

1: System on time per area per 
year, min/km²

0.5 9.3 1.8 7.3

2: Occurrence probability 
without exclusion zone 

98 2.7% 53.2% 13.0% 52.2%

3: 2% achieved for exclusion 
zone with the radius of,  km 

98 48.9 96.1 90.2 96.1

4: Occurrence probability 
without exclusion zone 

68 1.3% 25.6% 6.3% 25.1%

5: 2% achieved for exclusion 
zone with the radius of,  km 

68 0.0 65.3 56.1 65.2

6: Occurrence probability 
without exclusion zone 

47 0.6% 12.2% 3.0% 12,0%

7: 2% achieved for exclusion 
zone with the radius of,  km 

47 0.0 43.0 27.1 42.9

Figure 7: Occurrence probability as function of critical range and scenario

It can be seen that for the worst case critical range of 98 km even for scenario A the occurrence probability of 
helicopter radar transmitter on time is 2.8% per day which is in excess of the acceptable data loss value of 2 
%. That means with a critical range of 98 km a data loss value of 2% can only be achieved with a certain 
exclusion zone. The radius of the exclusion zone can be calculated assuming a circular area around the RAS 
with the formula = ), where R is the radius of the exclusion zone, Rx the critical range from 
MCL calculations (section 4.2.2) and Px the occurrence probability within Rx. Line 3, 5 and 7 in Table 13 are 
showing the radius of the exclusion zone to achieve the 2 %, which is 49 km for the worst case distance from 
section 4.2.2 and scenario A helicopter deployment (see ANNEX 9: with some illustrations). 

Exclusion zones may not be required for the case that smaller critical ranges as the 98 km from the MCL 
calculations maybe sufficient. For example with 68 km critical range the occurrence probability is for scenario 
A 1.3% and thus below the acceptable data loss value of 2 %.
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The above calculations are only examples and can be used as guidance. Administrations should decide on a 
national level on the need for and the size of an exclusion zone. The procedure provided in Annex 10 is one 
example of an assessment method that might be used on a national level.

The above calculation assumes homogenous distribution of helicopters in the area of Europe. Helicopters 
operate around airfields and dedicated helicopter bases and the majority of take-offs/landings especially for 
rescue missions will be concentrated at these locations. These locations also tend to be close to populated 
areas as the number of rescue missions is correlated to the population density, which is not expected for the 
RAS locations. Therefore a further calculation is provided in ANNEX 5: for the RAS station Pico de Veleta, 
where the helicopter activity per area has not been derived from the European average but from the 
population density. Assuming one take-off and landing per 1000 inhabitants the results indicate that for a 
critical range of 62 km the 2% would be achieved. 

No differentiation has been made between rescue (which is only a fraction of all operations, see section 2.4)
and non-rescue helicopter missions in the above calculations, because this is seen as outside the scope of 
this report. 

The following mitigations were not considered in this section:

helicopter continuously changes height during operation 
topology at the RAS location (see previous section).

4.2.6 Adjacent band compatibility (unwanted emissions)

An adjacent band compatibility study is provided for 89 GHz as this is a passive band2. One may expect 
similar results for all RAS bands adjacent to the helicopter radar band (e.g. 79-86 GHz, 92-94 GHz and 94.1-
116 GHz).

Input parameters:

Operating altitude of air-borne radar: 100m and 300m;
Effective height of RAS antenna: 50m;
Operating frequency of  radar (unwanted) and radio observatory: 89 GHz;
Antenna gain RAS Ge: 0dBi;

Operating band width radio observatory: = 6 GHz;
Path loss model: the propagation calculations using ITU-R P.452-14 include line of sight up to the radio 
horizon, diffraction over spherical earth and troposcatter with atmospheric absorption; time percentage 
50%;
Atmospheric absorption: 0.15 dB/km (as common for RAS observing sites and good observing 
conditions) and 0.36 dB/km for the standard atmosphere from [5];

ITU-R RA. 769 threshold HP -190 dBW (reference bandwidth 6 GHz, nearest values for Ta = 12 K and 
Tr = 30 K from 89 GHz table entries).

The 89 GHz band is protected by ITU Radio Regulations Footnote 5.340 (passive band, no emissions 
permitted).

2 ITU Radio regulations Footnote 5.340
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Figure 8: Spectrum mask, the astronomical band is shaded yellow

The below Figure 9 shows the required separation distance as function of the required spurious emission 
(flat distributed over 6 GHz), the atmospheric loss and time percentage.

Figure 9: separation distance as a function of emitted p.s.d. (blue: =0.15 dB/km,  p=50%, black: 
=0.15 dB/km,  p=2%, brown: =0.36 dB/km,  p=50%, green: =0.36 dB/km,  p=2%)

The equivalent maximum unwanted emission e.i.r.p is dependent on the assumed separation distance. The 
calculated unwanted emissions limits under the assumption of a uniform flat distribution of the spurious limit 
over 6 GHz bandwidth are:

with 200m assumed separation distance about -70 dBm/MHz;
with 1 km assumed separation distance -57 dBm/MHz;
with 10-25km assumed separation distance -30 dBm/MHz.
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4.2.7 Summary of the studies with RAS

Separation distances between 47 km and 98 km are required under worst case assumptions (see section 
4.2.2) to protect the RAS stations in Europe (see ANNEX 2:). The difference between the near field and 
medium range obstacle detection system is small (near field system 47-98 km, medium range system 57-98
km). The altitude of the helicopter has an essential impact on the separation distance (altitude 300m: 
separation distance 98 km, altitude 0 m: separation distance 29 km. The above mentioned distances are 
derived for an effective antenna height on the radio astronomy site of 50 m. The effect of the terrain can 
increase the size of the separation distances (e.g. 98 km could increase to 115 km) in case of RAS located in 
elevated positions (or when the helicopter would fly at greater altitudes) or reduce it when the terrain offer 
shielding to the radio astronomy site. As an example the impact of the terrain at the RAS station Plateau du 
Bure is shown in ANNEX 6:. It will be left to Administrations to identify, where necessary, the size and shape 
of the exclusion zone to protect radio astronomy sites, by using appropriate digital terrain models.

The occurrence probability has also been analysed in this report. As a limit the data loss value of 2% from [4]
maybe applicable as the percentage of lost observation packets each 2000 s period over one day. 

The simplest interpretation would to restrict the helicopter radar activity around the RAS station to fulfil the 
2 % per day. This would mean a maximum on-time of 28.8 minutes a day, or about six Take-Offs and 
Landings per day (assuming 5 minutes transmitter on-time each landing and take-off). 

More detailed occurrence probability calculations are provided in addition considering assumptions on 
helicopter deployment. As a result the occurrence probability shows a huge variance. The following Table
summarises the situation.

Table 14: summary of results

Scenario A Scenario B
Description Used for 25% of missions 

and only for take-off and 
landing (10% of flight hours) 

Used for 100% of missions and for 
50% of flight hours 

Example 1: 98 km separation distance 
with 300 m altitude, atmospheric loss 
0.15 dB/km, 650 MHz RAS bandwidth

Occurrence  probability 2.7%
Radius of exclusion zone 
48.9 km

Occurrence  probability 53.2%
Radius of exclusion zone 96.1 km

Example 2: 47 km separation distance 
with 300 m altitude, atmospheric loss 
0.35 dB/km, 8 GHz RAS bandwidth, 
near field obstacle detection system

Occurrence  probability 0.6%
Radius of exclusion zone 0 
km

Occurrence  probability 12.2%
Radius of exclusion zone 43 km

It was not possible in this report to determine a representative result for the occurrence probability and 
exclusion zone.

Therefore, administrations should decide on a national level on the need for and the size of an exclusion 
zone. 

The procedure in Annex 10 is one example of an assessment method that might be used on a national level.

No differentiation has been made between rescue (which is only a fraction of all operations, see chapter 2.4)
and non-rescue helicopter missions in the above calculations, because this is seen as outside the scope of 
this report. 

This report does not consider military helicopters because the information about military use was not 
available. It is expected that military helicopters equipped with the radar systems will increase the 
interference probability. Administrations are urged to consider the actual deployment of military helicopters 
when establishing coordination zones. 
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Radioastronomy (unwanted emission 89 GHz)

An adjacent band compatibility study is provided for 89 GHz as this is a passive band3. One may expect 
similar results for all RAS bands adjacent to the helicopter radar band (e.g. 79-86 GHz, 92-94 GHz and 94.1-
116 GHz).

The equivalent maximum unwanted emission e.i.r.p are dependent on the assumed separation distance. 
The calculated unwanted emissions limits under the assumption of a uniform flat distribution of the spurious 
limit over 6 GHz bandwidth are:

with 200m assumed separation distance about -70 dBm/MHz; 
with 1 km assumed separation distance -57 dBm/MHz;
with 10-25km assumed separation distance -30 dBm/MHz.

4.3 AMATEUR AND AMATEUR-SATELLITE SERVICES (AS)

In 2004 ECC Report 056 [10] considered compatibility between automotive wideband 79 GHz SRR and 
incumbent services. At the time ECC Report 056 assumed a very low number of amateurs and large 
separation distances helped by amateurs on hilltops versus car radar at road level – assisted by directional 
amateur antenna beams, as well as relatively high noise figure receivers.  

Since that time, equipment and activity has evolved  (including the use of pre-amps) so amateur hill-top line 
of site contact distances of 100-200km are regularly achievable using high gain directional antennas.

Unlike the automotive case, a helicopter at altitude is far less likely to be obscured by ground clutter and thus 
there is an increased concern regarding main beam line of sight cases. 

Rather than a highly mathematical analysis, it is reasonable to in the first instance to examine this new 
situation using a simple qualitative assessment. This is based on the helicopter radars and most Amateur 
systems having relatively similar low power transmitters. The main difference is in their antenna systems, 
bandwidths, duty cycles and operating characteristics.

4.3.1 MCL calculations

In this section the separation distances are derived for the two helicopter systems for amateur mainbeam 
and sidelobe cases based on LOS conditions.

Table 15: MCL calculations with the two system approaches

Heliradar system 1
Amateur

Heliradar system 1
Amateur

Heliradar system 2
Amateur

Heliradar system 2
Amateur

f/GHz 77 77 77 77
noise figure 4 4 4 4
BW/MHz 0.0027 0.0027 0.0027 0.0027
kTBF -135.69 -135.69 -135.69 -135.69
additional loss 
dB

0 0 0 0

I/N dB -6 -6 -6 -6
Ge dBi 40 0 40 0
Imax dBm/BW -141.69 -141.69 -141.69 -141.69
propagation 
exp

2 2 2 2

Tx power 
dBm/BW2
Note

-7 -7 0 0

3 ITU Radio regulations Footnote 5.340
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Heliradar system 1
Amateur

Heliradar system 1
Amateur

Heliradar system 2
Amateur

Heliradar system 2
Amateur

Tx power 
dBm/MHz

-7.00 -7.00 0.00 0.00

Tx power/BW1 -32.69 -32.69 -25.69 -25.69
distance km 8.68 0.09 19.43 0.19

1. mitigation factors have been included (see section 2.5)

It can be concluded that the only critical scenario would be an helicopter transmitting into the mainbeam of 
an amateur station. Therefore, the next section will deal with the likelihood of that situation.

4.3.2 Compatibility for the Amateur Service

The principle concern is the likelihood of a Helicopter and amateur station in proximity and in the main beam. 
The ETSI system reference document for the Helicopter system (ETSI TR 103 137 v1.1.1[1]) provides a 
useful amount of information on market size etc. in the European Union. This is complemented by assuming 
a modest growth in the number of amateurs since ECC Report 056 [10] was issued in 2004.

The below table considers the radar on time per day from section 2.4 and calculates the occurrence 
probability of main beam coupling. 

Table 16: Occurrence probability of mainbeam coupling

Scenario A Scenario B Scenario C Scenario D
System on time per area 
per seconds per day 
[sec/day/km²]

0.08 1.52 0.37 1.49

beam width [°] 1.8
worst case separation 
distance km

19.43

area of vulnerability [km²] 5.93
system on time within an 
amateur main beam per 
seconds per day

0.5 9.0 2.2 8.9

percentage of system on 
time within an amateur 
main beam per day

0.001% 0.010% 0.003% 0.010%

The likelihood of main beam coupling problem is well below 0.1%.

For the relatively rare cases where main beam coupling may occur, consideration of the two classes of 
helicopter radar and amateur activity may provide additional mitigation:-

Amateurs generally operate on a Listen-Before-Transmit (LBT) basis and are largely portable stations.
Currently there are very few fixed links or omni- directional propagation beacon/repeater systems;
In the 76-77 GHz range the most sensitive amateur operations tend to be at the lower band edge as 
described in Section 3.2;
In the wider 76-79 GHz range, the beam and frequency scanning for the long range radar variant can 
reduce the intercept probability even further.

Good compatibility is therefore likely for both helicopter and portable/directional terrestrial amateur stations, 
even allowing for uncertainty/growth in both uses over the coming years. 

Note: Should the number of fixed or higher power amateur stations grow in future - a more rigorous 
treatment might be required, but that does not seem necessary at this time.
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4.3.3 Compatibility for the Amateur-Satellite Service

Should Amateur Satellites start to use the band the most likely scenario is a nano or picosat (also called 
‘cubesat’) would carry a low power beacon in a low earth orbit (LEO) of 600-800km altitude in the amateur 
Primary allocation at 77.5-78 GHz. Ground stations would probably use a steerable high gain antenna and a 
frequency tracking receiver that can account for Doppler shift etc. The following may provide some future 
guidance:

Amateur Satellite to Helicopter

The Helicopter radar system reference document (ETSI TR103 137, [1]) indicates that the vertical half power 
beamwidths are either 6° degrees (Long Range Radar) or 10° degrees (for Short Range Radar) and 
nominally horizontal elevation looking at the horizon. Therefore the helicopter receiver is unlikely to see any 
increase in noise floor due to an overhead low-power downlink (which may only be present for about 10 
minutes as the satellite transits the sky).

Helicopter to Amateur Ground Station

As the amateur ground station would be tracking the satellite position with an elevated high gain antenna 
above the horizon, the most likely sharing situation would be sidelobe (0dBi gain) rather than main beam 
compatibility.  

In both the above cases co-existence would be expected and the result is good compatibility with the 
Amateur Satellite Service.

4.4 VEHICULAR RADARS

The band 76-79 GHz is also used by vehicular radars using similar technology to the airborne surveillance 
radar application. Recommendation ITU-R M.2057-0 [14] gives systems characteristics and protection 
criteria of automotive radars operating in the frequency band 76 to 81 GHz for intelligent transport systems 
applications. 

Figure 10 shows the scenario with typical antenna characteristics of both systems.

Figure 10: Scenario vehicular radar vs helicopter
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Table 17 gives the parameters used for the vehicular radar in this section.

Table 17: Vehicular radar system parameters

Parameter Value

f/GHz 76-81 GHz
Ps dBm/BW1 10
BW1 MHz 1
Gs dBi 30
noise figure dB 15
Noise floor dBm -99,00
Protection criterion INR dB -6
Antenna beamwidth 3°

The interference to noise ratio (INR) at the vehicular radar receiver is first calculated based on free space 
loss (see Figure 11).  

Figure 11: INR calculations

The impact is analysed further considering the wanted received signal level at the vehicular radar. Similar to 
the approach taken in ECC Report 137 [15] the received wanted power pe at the vehicular radar can be 
derived using the radar equation:
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Translated in dB, this leads to the following formula:

PLTSGPP srrsrre 22
with:

TS : Vehicle Target Strength, defined as 

TS = RCS+ 2

410Log

RCS : Radar cross section =10log( )

Psrr : SRR power 
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PL : Free space propagation loss (equal to 20*log(4 R/ )

Gsrr : SRR antenna gain

Table 18 summarises typical RCS values. 

Table 18: RCS assumptions

Parameter Unit Value

frequency Hz 7,60E+10
lambda m 0,003947368
Radius sphere m 1
RCS conductive sphere m2 3.1

dB 5
average RCS car m2 100

dB 20
corner reflector dimension m 0.6
RCS corner reflector m2 8710

dB 39.4
flat conductive plate Area m2 1
RCS flat conductive plate m2 806481.7

dB 59.1

Annex 3 of ECC Report 137 [15] provides more information on RCS values.

Figure 12 and Figure 13 are providing the resulting C/(I+N) at the vehicular radar receiver for both helicopter 
radar systems and a typical radar cross section of a car of 100 m2. Free space loss is also assumed here.

Figure 12: C/(I+N) for the helicopter at 30m from the vehicular radar with variable gain of the 
vehicular radar seen be the helicopter (left figure low power helicopter radar, 

right figure higher power helicopter radar) 

It can be seen from the curve without interference that the max target distance for the chosen RCS is about 
300m for a signal to noise ratio of about 8 dB. The degradation due to interference in Figure 12 is shown at 
an exemplary distance between helicopter and vehicular radar of 30m. The following figure gives the results 
for a distance between 15 and 40 m.
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Figure 13: C/(I+N) for the helicopter between 15 and 40m from the vehicular radar seen 
under 0dBi by the helicopter 

The required altitude of the helicopter to be in the mainbeam of the very narrow vehicular radar antenna is 
shown in Figure 14 (3° beamwidth, Horizontal pointing). 

Figure 14: max helicopter altitude to be in the mainbeam of the vehicular radar

That means the helicopter is only in the mainbeam of the vehicular radar at very low altitudes when the 
helicopter is expected to approach for landing.
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Summary: 

The INR protection criterion of -6dB can be reached in the sidelobe of the vehicular radar (0dBi) with a 
separation distance of about 50m for the low power helicopter radar and 170m for the higher power 
helicopter radar. The SNR calculations with a radar cross section of a typical target show similar results with 
slightly smaller distances (30m for the low power system). From this it can be concluded that no problem is 
expected for usual flying altitudes of a helicopter above 200m and cases where the helicopter is in the 
sidelobe of the vehicular radar. In the mainbeam much higher separation distances are required. Therefore 
the only critical situation is when the helicopter is coming to the mainbeam of the vehicular radar. However, 
this situation is not expected to cause a problem because

This happens only when the helicopter is flying at very low altitudes below 30m close to a highway and 
when the helicopter is landing on a highway;
For a helicopter assisting in a road accident the traffic is considered to be stopped, rerouted or be 
moving slowly. Traffic will be kept at a safe distance from the landing helicopter. The helicopter is also 
not necessarily landing on the road;
Considering the scenario of a helicopter landing in a road traffic environment (e.g. to assist during an 
accident) the interferer and victim radar systems will be operating at different altitudes and orientations. It 
is considered unlikely that any interference is received through the main beam;
Because of the relatively low number of helicopter and because only a small percentage of helicopter 
operations is performed close to road traffic (only emergency missions) the probability of interference is 
considered to be low;
Both radar types (vehicular and helicopter radar) are likely to use FMCW modulation that mitigates the 
mutual interference. Here it should be considered that the distance between interferer and victim is 
assumed to be much larger than in the inter-vehicle situation;
The beam and frequency scanning capabilities of both radar types can reduce the intercept probability 
even further.

4.5 FIXED RADARS

The band 76 to 77 GHz is also used by fixed infrastructure radars. These use similar technology to vehicle 
radars but with the following differences.

Antennas can be slightly larger than those on vehicles, and therefore are narrower beamwidth and higher 
gain;
They are generally mounted at heights of 3 to 5 m and with the antenna pointed slightly downwards from 
the horizontal;
A typical fixed radar has an antenna that scans in azimuth;
The observation range is greater than for vehicle radars, e.g. 1000 m.

A fixed infrastructure radar is expected to operate in the presence of other radars, including vehicle radars. 

In similar manner to the discussion regarding vehicle radars, a helicopter borne radar would only be 
expected to cause a problem to a fixed radar if the helicopter was landing in the field of observation of the 
fixed radar, and then only in that particular direction.

One of the main applications of fixed radars is for traffic management and automated incident detection. If a 
helicopter were attending a traffic incident, then a temporary interruption to automated incident detection 
surveillance would be acceptable.
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5 CONCLUSIONS

Radioastronomy (co-channel)

Separation distances between 47 km and 98 km are required under worst case assumptions (see section 
4.2.2) to protect the RAS stations in Europe (see ANNEX 2:). The difference between the near field and
medium range obstacle detection system is small (near field system 47-98 km, medium range system 57-98
km). The altitude of the helicopter has an essential impact on the separation distance (altitude 300m: 
separation distance 98 km, altitude 0 m: separation distance 29 km. The above mentioned distances are 
derived for an effective antenna height on the radio astronomy site of 50 m. The effect of the terrain can 
increase the size of the separation distances (e.g. 98 km could increase to 115 km) in case of RAS located in 
elevated positions (or when the helicopter would fly at greater altitudes)  or reduce it when the terrain offer 
shielding to the radio astronomy site. As an example the impact of the terrain at the RAS station Plateau du 
Bure is shown in ANNEX 6:. It will be left to Administrations to identify, where necessary, the size and shape 
of the exclusion zone to protect radio astronomy sites, by using appropriate digital terrain models.

The occurrence probability has also been analysed in this report. As a limit the data loss value of 2% from [4]
maybe applicable as the percentage of lost observation packets each 2000 s period over one day. 

The simplest interpretation would to restrict the helicopter radar activity around the RAS station to fulfil the 
2 % per day. This would mean a maximum on-time of 28.8 minutes a day, or about six Take-Offs and 
Landings per day (assuming 5 minutes transmitter on-time each landing and take-off). 

More detailed occurrence probability calculations are provided in addition considering assumptions on 
helicopter deployment. As a result the occurrence probability shows a huge variance. The following Table 
summarises the situation.

Table 19: summary of results

Scenario A Scenario B
Description Used for 25% of missions 

and only for take-off and 
landing (10% of flight hours) 

Used for 100% of missions and for 
50% of flight hours 

Example 1: 98 km separation distance 
with 300 m altitude, atmospheric loss 
0.15 dB/km, 650 MHz RAS bandwidth

Occurrence  probability 2.7%
Radius of exclusion zone 
48.9 km

Occurrence  probability 53.2%
Radius of exclusion zone 96.1 km

Example 2: 47 km separation distance 
with 300 m altitude, atmospheric loss 
0.35 dB/km, 8 GHz RAS bandwidth, 
near field obstacle detection system

Occurrence  probability 0.6%
Radius of exclusion zone 0 
km

Occurrence  probability 12.2%
Radius of exclusion zone 43 km

It was not possible in this report to determine a representative result for the occurrence probability and 
exclusion zone.  

Therefore, administrations should decide on a national level on the need for and the size of an exclusion 
zone. 

The procedure in Annex 10 is one example of an assessment method that might be used on a national level.

No differentiation has been made between rescue (which is only a fraction of all operations, see chapter 2.4)
and non-rescue helicopter missions in the above calculations, because this is seen as outside the scope of 
this report. 

This report does not consider military helicopters because the information about military use was not 
available. It is expected that military helicopters equipped with the radar systems will increase the 
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interference probability. Administrations are urged to consider the actual deployment of military helicopters 
when establishing coordination zones.

Radiostronomy (unwanted emission 89 GHz)

An adjacent band compatibility study is provided for 89 GHz as this is a passive band4. One may expect 
similar results for all RAS bands adjacent to the helicopter radar band (e.g. 79-86 GHz, 92-94 GHz and 94.1-
116 GHz).

The equivalent maximum unwanted emission e.i.r.p are dependent on the assumed separation distance. The 
calculated unwanted emissions limits under the assumption of a uniform flat distribution of the spurious limit 
over 6 GHz bandwidth are:

with 200m assumed separation distance about -70 dBm/MHz; 
with 1 km assumed separation distance -57 dBm/MHz;
with 10-25km assumed separation distance -30 dBm/MHz.

Amateur Service 

MCL calculations in this report concluded that the only critical scenario would be a helicopter transmitting into 
the mainbeam of an amateur station. The likelihood of that situation is estimated to be well below 0.1%. 
Good compatibility is therefore likely for both helicopter and portable/directional terrestrial amateur stations, 
even allowing for uncertainty/growth in both uses over the coming years. 

Radio Location

Information from NATO are mentioned in ECC Report 056 [10] and ECC/DEC/(04)03 [12] that there are 
currently no radiolocation systems operational in the band and there are no plans to introduce such systems. 
No studies were conduct since no other information was received.

Vehicular radars

The only critical situation is when the helicopter is coming to the mainbeam of the vehicular radar. However, 
this situation is not expected to cause a problem because

This happens only when the helicopter is flying at very low altitudes below 30m close to a highway and 
when the helicopter is landing on a highway;
For a helicopter assisting in a road accident the traffic is considered to be stopped, rerouted or be 
moving slowly. Traffic will be kept at a safe distance from the landing helicopter. The helicopter is also 
not necessarily landing on the road;
Because of the relatively low number of helicopter and because only a small percentage of helicopter 
operations is performed close to road traffic (only emergency missions) the probability of interference is 
considered to be low;
Both radar types (vehicular and helicopter radar) are likely to use FMCW modulation that mitigates the 
mutual interference. Here it should be considered that the distance between interferer and victim is 
assumed to be much larger than in the inter-vehicle situation;
The beam and frequency scanning capabilities of both radar types can reduce the intercept probability 
even further.

4 ITU Radio regulations Footnote 5.340
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Fixed radars

In similar manner to the discussion regarding vehicle radars, a helicopter borne radar would only be 
expected to cause a problem to a fixed radar if the helicopter was landing in the field of observation of the 
fixed radar, and then only in that particular direction. A fixed infrastructure radar is expected to operate in the 
presence of other radars, including vehicle radars. 

One of the main applications of fixed radars is for traffic management and automated incident detection. If a 
helicopter were attending a traffic incident, then a temporary interruption to automated incident detection 
surveillance would be acceptable.

Limitation of helicopter radars

The following table provides the limits used in the studies in this report. They were derived from the 
technology specific limits from the ETSI SRdoc [1].

Table 20: possible limitation

Low power system Medium power system
Frequency band 76 to 79 GHz 76 to 79 GHz
Peak power e.i.r.p.
Note 2

26 dBm 33 dBm 

Mean average power density e.i.r.p.
Note1, Note 2

0 dBm/MHz 10 dBm/MHz

Mitigations
DC 20%/s (7 dB)

DC 40%/s (4dB)
25% (6 dB) mainbeam occurrence 
probability each 10°

1. This is the mean power during RF transmitter ON- time and measured with 1 ms dwell time per 1 MHz. 
2 These are typical values at standard ambient conditions



ECC REPORT 222 - Page 42

ANNEX 1: GENERIC POWER AND BANDWIDTH REQUIREMENTS OF HELICOPTER OBSTACLE 
DETECTION RADARS

A1.1 THEORETICAL ASSUMPTIONS

Detection Task: 
A reflecting obstacle with a cross-section of should be detected within from a minimum 

distance of d =40 m with an accuracy of  .

Bandwidth requirement:

The detection error is inversely proportional to the modulation bandwidth of the radar signal:

, in this case yielding a minimum

Radar link loss:

The operating frequency shall be for which the effective radar cross-section 

of the obstacle is = - 25 dBsm

The radar equation

is used to calculate the power Pr  reflected from an obstacle with reflection cross-section RCS at a distance 
d for a receiving antenna of effective area Arec and a transmitted power Ptx (W) being emitted using an 
antenna  with a gain Gtx (dBi). The ratio

maybe termed the radar coupling loss.

Assuming that the transmitter antenna gain is e.g. dBi  and the effective area of the receiving 

antenna is , then the link loss amounts to

dB

Typical receiver characteristics:

The received bandwidth may be split into (overlapping) channels each having an assumed  bandwidth of 
and a noise level of 15 dB.

with we obtain the receiver noise level of
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or dBm.

Being able to integrate the received signal during processing of the individual channels for a maximum time 
given by the reaction time of the system, we obtain a channel system sensitivity (S/N=1)  of  

or dBm. 

Required Transmitter Power:

Assuming that a link margin of additional dB  is needed for reliable detection under difficult 
conditions, then the required transmitter input power is given by

yielding  

corresponding to a total emitted in-band power of  or

dBm

adding the antenna gain yields an in-band  e.i.r.p.  of at least 

e.i.r.p. = dBm

That means a peak power of about 34 dBm within 800 MHz would be required.

A1.2 EXISTING SYSTEM

Detection Task: 
A high tension wire with a radar cross-section of =    (31 cm²) should be detected within 

Trx = 3.5 msec with an update rate of 30 Hz from a minimum distance of d =40 m with an accuracy of 25 cm

Bandwidth requirement:

The detection error is inversely proportional to the modulation bandwidth of the radar signal:

The radar sensor uses a fast ramp linear frequency modulation. To stabilize the waveform, the oscillator 
sed.

Radar link loss:

The operating frequency shall be for which the effective radar cross-section 

of the obstacle is  RCS = - 25 dBsm  or  0.0031 m² (31 cm²)

The radar equation              
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is used to calculate the power Pr reflected from an obstacle with radar cross-section RCS at a distance d for 
a receiving antenna of effective area Arec and a transmitted power Ptx (W) being emitted using an antenna  
with a gain Gtx (dBi). The ratio

is termed the radar coupling loss.

The transmitter antenna has a gain of Gtx=13 dBi. 

The receiver array has a gain of lGrx = 22 dBi

The effective area of the receiver antenna array can be calculated as follows:

This results in an effective area of the receiving antenna

Then the link loss amounts to

Arefl = -135 dB

Typical receiver characteristics:

The received bandwidth is split into (overlapping) channels each having a bandwidth of 

and a noise level of 15 dB

with we obtain the receiver noise level of

= - 112 dBm

Being able to integrate coherently the received signal during processing of the individual channels for a 
maximum time given by the reaction time of the system,

a channel system sensitivity (S/N=1)  of 

= - 134.6 dBm

is obtained.

A refl ,,,G tx A rec RCS d .10 log
..10

Gtx
10 A rec RCS

..4 d2 2

T noise( )dB ..290 10

dB
10 1 K

N rx .10 log
..k T noise( )15 chan

mW

Arec
10

lGrx

10 2

4

Arec 1.912 10 4 m2

chan 0.047 MHz

rx 3.5 ms

Nsys Nrx 10 log rx chan( )



ECC REPORT 222 - Page 45

Required Transmitter Power:

Assuming that a link margin of additional dB is needed for reliable detection under difficult 
conditions, then the required transmitter input power is given by

yielding for Pin = 10.7 dBm.

Adding the antenna gain yields an in-band e.i.r.p. of at least

e.i.r.p. = 10.7 dBm + Gtx = 23.7 dBm

Using state of the art technology, the measured e.i.r.p. at room temperature is 26 dBm (with a measurement 
bandwidth of > 50 MHz). This increases the link margin to 12 dB.

Furthermore, the transmit power may increase at low temperature by 4 dB.

SN 10

P in N sys A refl ,,,G tx A rec RCS d SN
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ANNEX 2: RADIOASTRONOMY STATIONS IN CEPT

The following table lists the RAS stations in ITU region 1 operating in the range 76 to 79 GHz. 

Table 21: Use or potentially use of RAS in the 76 to 79 GHz frequency band within CEPT

Observatory Name Administration
Longitude (E), 

Latitude (N)
Elevation 
(m AMSL)

Geographical
Characteristics

Plateau de Bure, 
12 x 15 m Array, IRAM, 

France 05o 54’ 28.5”
44o 38’ 02”

2250 Isolated high mountaintop 
in line-of-sight to various 
public facilities

Maido (la Réunion) 
Horns 0.25 x 0.36 m, 0.70 
x 0.48 m
Note 2

France 55°23’01”
-21°04’46”

2200 Mountain top

Effelsberg, 100m, 
Note 1

Germany 06o 53’00”
50o 31’32”

369 Broad flat plain exposed 
to nearby roads

Pico de Veleta, 30 m
IRAM

Spain –03o 23’ 34”
37o 03’ 58”

2850 Mountainside overlooking 
nearby ski resort, line of 
sight to city of Granada

Yebes 40m 
Yebes 14m

Spain –03o 05’22”
40o 31’27”

981 Broad flat plain exposed 
to roads

Sardinia Radio Telescope 
64 m

Italy 09o 14’40”
39o 29’50”

650 High exposed plain

Onsala 20 m Sweden 11o 55’35”
57o 23’45”

23 Waterside, forested, 
relatively isolated

Metsahovi 14m Finland 24o 23'37"
60o 13'04"

61

Noto 32 m 

Note 2

Italy Flat exposed plain
VLBI

Cambridge 32m 

Note 2

UK
5

Flat terrain

Note 1: at the time of the preparation of this report this station was not able to make measurements in the band 76-79 GHz; 
Note 2: those stations are not listed in ECC/DEC/(11)02 [20]
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Figure 15: map of Europe considering as an example 80 km radius protection area around 
Radio Astronomy Stations
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ANNEX 3: ANTENNA PARAMETERS

A3.1 ANTENNA GAIN OF NEARFIELD OBSTACLE DETECTION SYSTEM (SYSTEM 1)

The antenna has a gain of typically 13 dBi.

The polarization is linear vertical.

A typical horizontal antenna diagram is shown in Figure 16. The vertical diagram is shown in Figure 17.

The horizontal half power beamwidth is typically 70 degree, without sidelobes as shown in Figure 16.

The vertical half power beamwidth is typically 10 degree with sidelobes below -15 dBc as shown in Figure 
17.

Figure 16: Typical horizontal antenna diagram of the transmit-antenna and of 
a single receive-antenna
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Figure 17: Typical vertical Antenna diagram of the transmit-antenna and the receive-antenna

A3.2 ANTENNA GAIN OF MEDIUM RANGE OBSTACLE DETECTION SYSTEM (SYSTEM 2)

The antenna has a gain of typically 13 dBi. The polarization is linear 45°.

A typical 3D- antenna diagram is shown in Figure 18. The vertical diagram for two different mainlobe-
directions is shown in Figure 19.

The horizontal half power beamwidth is typically 70 degree, without sidelobes as shown in Figure 18.

The vertical half power beamwidth is typically 6 degree with sidelobes below -15 dBc as shown in Figure 19.
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Figure 18: Typical 3D-antenna diagram of the transmit-antenna

Figure 19: Typical vertical Antenna diagram of the transmit-antenna
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Example for the field of view covered by 3 x 3 sensors:

Figure 20: example of antenna steering

The vertical field of view is scanned in 4 cycles. At each cycle 3 antenna beams are active (see Figure 
below). Within each cycle, the transmitter is powered on for a time of 7 msec. and powered off for a time of 
45 msec.; the complete field of view is scanned in 4 x 52 msec = 208 msec.

Figure 21: Active antennas at cycle 1
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ANNEX 4: RADIO ASTRONOMY AT MILLIMETRE FREQUENCIES

Millimetre radio astronomy is now one of the most dynamic fields of astronomy with major recent 
achievements in cosmology, extragalactic astronomy and in understanding the processes within star-
formation regions. As we move to higher frequency, shorter wavelength observations we are increasingly 
dominated by considerations of the opacity of the atmosphere. This is highest at the transitions of oxygen at 
about 60 GHz, 120 GHz, etc. These specific frequencies are effectively impossible to observe from the 
ground and divide the millimetre spectrum into a series of ‘windows’ in which ground based astronomical 
observations are possible. Within these windows the effects of atmospheric water vapour give rise to 
continuous absorption rising rapidly at higher frequencies. Consequently, millimetre wavelength 
observatories are generally located at high altitude sites (often on mountain tops) to reduce as far as 
possible the quantity of water vapour lying above them. This has the disadvantage that such observatories 
often have line of sight paths extending hundreds of kilometres so that they are susceptible to terrestrial 
interference from a very large area. 

In Europe there are single dish millimetre radio telescopes in Finland, Sweden, Turkey, Russia, France, 
Spain, Italy and a millimetre interferometer array is operating in southern France on the Plateau de Bure (see 
Annex 2). One of the significant bands in the millimetre regime is at 77 GHz, usually referred to in radio 
astronomy as the ‘4mm band’.

Scientific Importance of the 4mm Band (76 to 79 GHz)

This wavelength range is remarkably rich in low-lying transitions of important interstellar and circumstellar 
molecules, especially ‘deuterated’ forms (a form in which some or all of the ’normal’ hydrogen atoms have
been replaced by deuterium atoms) of several of the most common types. There is a need for extensive 
surveys of the most common deuterium-bearing molecules in a large sample of molecular clouds of all 
variants. The study of molecular deuteration is essential to get insight into the molecular processes that are 
at work in the interstellar medium. N2D+ is one example molecule that is very useful in this respect, and its 
1-0 transition is extremely important for cold environments like prestellar cores. 

There are several important spectral lines in the band and examples are listed in Table 22.

Table 22: Molecular transitions in and adjacent to the band 76 to 79 GHz

Molecule Transition Frequency (MHz)
DC3N 9-8 75987
DNC 1-0 76306
AlO N=2-1 76560
N2D+ 1-0 77110
C3HD 212-101 78912
CH3NC 4-3 80422

The ALMA interferometer in Chile (in which several astronomical institutes in Europe have a stake) 
envisages operations on that band as illustrated by Figure 22 (from http://www.alma.ac.uk/other/alma-band-
2-workshop/Band2_Capabilities.pdf).
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Figure 22: Potential Future ALMA capabilities: ~16 GHz total bandwidth, 4 x 4 GHz basebands 
assuming a combined Band 2 & 3 receiver. Setup 1 (green): LO freq. 82.0 GHz covering D13CO+, 
DCO+, DCN, DNC, N2D+, NH2D, H13CN, H13CO+, HN13C, HCN, HCO+, HNC, N2H+ Setup 2 (blue): 

LO freq. 88.0 GHz covering DNC, N2D+, N2H+ and NH2D

As ALMA is restricted to observing the southern sky, radio astronomy needs similar capabilities on the 
northern hemisphere, a role filled by the observatories listed in ANNEX 2:.

Another area of considerable interest concerns the potential temporal and spatial variations of ‘constants’ of 
nature. Small variations of the ratio of masses of electron and proton with cosmic time are predicted in some 
theories of particle physics and cosmology. Variations of these constants can be measured by comparing 
frequencies of spectral lines that depend differently on the constants. By observing selected molecular lines 
in a source at high redshift, one can compare the frequencies as they were in the early universe with the 
corresponding frequencies ‘now’ in the laboratory. Systematic errors are reduced considerably if all lines can 
be observed with the same telescope. This is possible for example with the Onsala 20m telescope (Sweden) 
where observations can be done in the ranges 18 to 50 GHz and 70 to 116 GHz. 

A more speculative area of research, but certainly a very challenging and important topic of contemporary 
astronomy is the search for signals from the cosmic dark ages. Spectral lines from atoms and molecules in 
primordial perturbations at high redshifts can give information about the conditions in the early universe 
before and during the formation of the first stars; detection here would be extremely important. Several 
international groups around the world are now preparing future strategies and observations to search for 
signals from this epoch. The predicted redshifts for the first star formation imply that the redshifted 
frequencies from this epoch of the lowest transitions from several important primordial species will fall into 
the 4 mm band.
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ANNEX 5: CONSIDERATION OF DEMOGRAPHICAL ASPECTS

In Germany, 78.500 primary HEMS missions have been performed in 2011 (see [16]). This result in a 
possible number of 157.000 landings / take-offs for this mission. Related to the population of 80 million 
people in Germany, 1 take-off and landing can be assumed per 1000 persons. As the level of public service 
provided and therefore also the number helicopters used for HEMS, law enforcement, firefighting etc. also 
correlate to a country’s GDP (Gross Domestic Product), the number of HC operations in Germany are 
thought to be among the highest in Europe. 

For the example of Pico de Veleta (where a RAS station is located, see Figure 23 below and ANNEX 2:) the 
occurrence probability is now analysed based on the number of 1 take-off and landing per 1000 inhabitants 
(derived above from Germany).

Population:

Province of Granada: 920 000
City of Granada: 240 000
Province of Málaga: 1 640 000
City of Málaga: 570 000
Province of Jáen: 670 000
City of Jáen: 120 000
Province of Almería 640 000
City of Almería 190 000

100 km range covers Province of Granada, City of Málaga, 1/3 of Province of Málaga, City of Jáen, 1/3 of 
Province of Jáen, City of Almería, ½ of Province of Almería (inhabitants 920 000, 570 000, 390 000, 120 
000, 170 000, 190 000, 230 000):

2 590 000 -
assuming 5 minutes per take-off/landing)

50 km range covers 2/3 of Province of Granada including City of Granada (450 000, 240 000):

690 - ;
For 62 km radius the 2% value would be reached.
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Figure 23: area around Radio Astronomy Station Pico de Veleta, Spain

A5.1 CURRENT COVERAGE OF HEMS HELICOPTERS IN SPAIN

The following figure shows the current coverage of HEMS helicopters across the territory of Spain. The circle 
represents the operating range of each helicopter. Assuming 50km radius only one helicopter is based in the 
area of RAS Pico de Veleta. 

Figure 24: HEMS coverage Spain
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ANNEX 6: PROTECTION ZONE FOR THE SITE PLATEAU DU BURE

In the following figures, the antenna height of the radio astronomy site is 15m above ground level. The 
calculations are performed using a digital terrain model with resolution 50 m. 

Figure 25 shows the area in line of sight from the radio astronomy site of Plateau du Bure, from a 
hypothetical helicopter flying at 30 m above ground.

Figure 25: Line of sight zone. Helicopter flying at 30 m above ground

Figure 26 shows the area in line of sight from the radio astronomy site of Plateau du Bure, from a 
hypothetical helicopter flying at 150 m above ground.

Figure 26: Line of sight zone. Helicopter flying at 150 m above ground
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Figure 27 shows the area in line of sight from the radio astronomy site of Plateau du Bure, from a 
hypothetical helicopter flying at 300 m above ground.

Figure 27: Helicopter flying at 300 m above ground
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ANNEX 7: MEASUREMENT EXAMPLES ON HELICOPTER RADAR

Test setup:

The Device under Test (DUT) is mounted on a turntable in an anechoic chamber.
The receiver is placed at a distance of 6.1 m in the farfield of the transmit-antenna.
The calculation of the effective isotropic radiated power (e.i.r.p.) is done with the follwing formula:

with:

;
Pe = measured power level;
Ge = Antenna Gain of the receiver horn-antenna = 22.5 dB.

The e.i.r.p. can be calculated as follows: e.i.r.p. (dBm) = Pe(dBm) + 63 dB.

Spectral measurements:

The receiver block diagram is shown in Figure 28. The use of a fundamental mixer with local oscillator (LO) 
is recommended due to the broad frequency sweep of 800 MHz from System 1.The LO frequency is set to 
75.5 GHz. The RF-Frequency of 76 GHz is converted to 500 MHz. 

Local
Oscillator
Source

Measuring
Receiver

Data Store

Input from Test
Fixture

Fundamental or
Harmonic Mixer

can be omitted if 
possible

Local
Oscillator
Source

Measuring
Receiver

Data Store

Input from Test
Fixture

Fundamental or
Harmonic Mixer

can be omitted if 
possible

Figure 28: Receiver block diagram

Based on measured values on component levels (antenna and transmitter chip) as well as a timing 
measurement, a calculation has been made for peak power e.i.r.p. , mean power and mean power density. 
The measured results from the spectrum-analyser combined with a duty-cycle measurement are compared 
with those values. The measurement should show good agreement with the calculated values.

Timing Measurements:

The power-on/off time is measured with an oscilloscope and a detector-diode connected to the IF-output of 
the fundamental mixer.  
Measurements on System 1 (near field obstacle detection):

The measured DUT is an engineering sample with 4 dB less output-power compared to the serial product.
Figure 29 shows the modulation form. During a timeframe of 4.1 msec. The frequency is sweeped 128 times 
over a bandwidth of 800 MHz. Following this timeframe, the rf-power is switched off, because no 

EIRP Pe
4 R( )2

Ge 2
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transmission is required during the signal processing time for the rest of the operational cycle. The system 
has an update-rate of 1/20.4 msec. 

Figure 29: Modulation Scheme & Timing:

System-Calculation, Radar System 1:

FM-Sweep: 800 MHz;
Antenna Gain: Gtx=13 dBm;
Transmit-Power: Pt=13 dBm (at standard ambient conditions);
Peak power (e.i.r.p.)= Pt + Gtx = 26 dBm;
Power-On Time: 4.1 msec / Repetition Time: 20.4 msec;
Duty-Cylce: DC = 20%;
Mitigation factor in dB:  Mitigation = -10*log(DC) = 7 dB;
Mean power = peak power – mitigation = 19 dBm;
Mean power density in dBm/MHz  (e.i.r.p.) = Mean power  – 10log(800) = 19 dBm 
– 29 dB = -10 dBm/MHz.

 
Mean power measurements:

Signal source analyzer setup for spectral measurement:

Resolution bandwidth (RBW)  = 1 MHz.;
Video bandwidth  (VBW) = 3 MHz;
Detector mode: r.m.s.;
With a span of 1 GHz and 1000 points there is one sample point per MHz or one sample point per RBW;
Trace: max hold.
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Figure 30: Sweeptime 1 sec, maxhold

e.i.r.p. (DUT,on) = Measured value + 63 dB = -71 dBm/MHz + 63 dB = -8 dBm/MHz
e.i.r.p. (System 1,on) = e.i.r.p.(DUT,on) + 4 dB = -4 dBm/MHz

The measured value is considered to be the mean power during the rf -transmitter active time (max hold 
function).

Taking into account the RF power duty cylce of 20% (- 7 dB mitigation, see Figure 31 and Figure 32) the 
meanpower is e.i.r.p. (System 1) = e.i.r.p. (System 1, on) – 7 dB = - 10 dBm/MHz.

This value agrees with the calculated mean power density.

Note: The DUT signal contains short-term cw-signal parts, which will lead to peaks in the spectrum. These 
peaks will be removed for the serial product.

Supplementary Duty-Cycle measurement:  

Figure 31: Power_on-time= 4.1 msec
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Figure 32: Repetion time= 20.4 msec

Duty cycle = 20 % -> mitigation factor = 10*log(Duty cycle) = - 7 dB

Peak power measurements

Signal source analyser setup:

IQ-Mode, Output-Power vs. Time, Bandwidth = 50 MHz;
One 50 MHz-Sample from each frequency ramp at 76.1 GHz (IF = 600 MHz). 

Figure 33: Peak power measurement with 50 MHZ Bandwidth
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DUT_Peak power (e.i.r.p.) / 50 MHz = measured value (Max Pt) + 63 dB = -41.2 dBm/50 MHz + 63 dB = 
21.8 dBm/50 MHz

e.i.r.p. (System 1) =  DUT_Peak power (e.i.r.p.) / 50 MHz + 4 dB = 25.8 dBm/50 MHz

(calculated value: 26 dBm )

Comment: The display shows rf-power vs. time. At a selected frequency point, the RF-Power is measured 
with a bandwidth of 50 MHz. The time between the two peaks corresponds to the time between two 
frequency ramps (approx. 27 μsec.)
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ANNEX 8: POSSIBLE OPERATIONAL RESTRICTIONS

The system is expected to be used only when operating in a complex and or unknown environment. The 
pilot is expected to operate the system only when needed. System command and control (ON/OFF) can 
be exerted manually by the pilot;

For the operational usage of the system, an automatic mode is necessary, activating the system when 
the airspeed of the helicopter falls below a predefined value. A manual action by the pilot would increase 
the workload in a demanding flight phase like approach, take-off or emergency landing;

The system provides sufficient pre-warning time only when manoeuvring at low-speeds. When the 
system is switched on, an automatic mode shall inhibit sensor transmission when the airspeed exceeds a 
predefined value (cruise flight phase). The operational use of the system is not limited by height above 
ground. An automated control by height is problematic because it is sometimes required to operate near 
rock face or detect obstacles such as wind turbines or radio masts.
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ANNEX 9: ILLUSTRATION OF DISTANCES AND DATA LOSS VALUES

An illustration of the distances and data loss values for the occurrence probability calculations on RAS in 
section 4.2.5 is given below for the example of 98 km critical range around a RAS and scenario A helicopter 
deployment. 

The 98 km critical range would be applicable under the following assumptions: 

a flat terrain around the RAS station (and thus line of sight up to 100km);
50m RAS antenna height;
a helicopter flying at 300m altitude;
atmospheric losses of 0.15 dB/km.

Under these assumptions the occurrence probability of helicopter radar transmitter on time within this 98 km 
radius is 2.8% per day and is in excess of the acceptable data loss value of 2 %. 

Figure 34: occurrence probability for 98 km without exclusion zone 

To reduce the occurrence probability to an acceptable value of 2% an exclusions zone would needs to be 
installed. The radius of the exclusion zone can be calculated with the formula = ), where R 
is the radius of the exclusion zone, Rx the critical range from MCL calculations and Px the occurrence 
probability within Rx. For the example of Rx=100 km, Px 2.8% the exclusion zone radius R would be 49 km.  
Figure 35 is illustrating the situation for that example.
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Figure 35: protection area when considering 2% acceptable data loss
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ANNEX 10: PROCEDURE TO DECIDE ON A NATIONAL LEVEL ON THE NEED FOR AND THE SIZE OF 
AN EXCLUSION ZONE

It was not possible in this report to agree on one representative result for the occurrence probability and 
exclusion zone.  Therefore, administrations should decide on a national level on the need for and the size of 
an exclusion zone. 

The following procedure is one example of an assessment method that might be used on a national level.

1. What is the critical range Rx around the RAS station (information from sections 4.2.2, 4.2.3 and 4.2.4); 
2. What is the relevant helicopter deployment model (Scenario A, B, C or D in section 2.4). Two options are 

possible here: 
Option 1:  Without constraining the use of the helicopter radar system to particular flight levels or 
types of engines

Worst case deployment assumptions from scenario B or D  should be considered 
Option 2:  The following restrictions could ensure the applicability of the assumptions for the 
deployment scenarios A and C:

(a) restricted to turbine engines 
(b) with automatic control to avoid the radar activation at altitudes above 300m
ANNEX 8: considers some possible operational restrictions to reduce the radar system on time 
and thus to reduce the relevance of the above worst case scenarios B and D;

3. Derive from  Figure 7 in section 4.2.5 with the results from the first 2 bullets above (critical range and 
scenario) the occurrence probability Px/%;

4. If Px from the previous bullet 3 gives a value of below 2 %, then no need for an exclusion zone. If Px is 
above 2 % then calculate with the following formula the radius of the required exclusion zone: 

= ), with where R is the radius of the exclusion zone, Rx the critical range from MCL 
calculations (section 4.2.2)  and Px the occurrence probability within Rx.
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